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LABORATORY MEETING 

of the Soaety held at 

The School of Tropical Medicine, Pembroke Place, Liverpool, 

on 

Thursday, 21st March, 1946, at 8 p m 
C M Wenyon, cmg, cbe, mb, bsc, frs. 
President, in the Chair 


DEMONSTRATIONS. 


The Liverpool School of Tropical Medicine 

DEPARTMENT OF TROPICAL MEDICINE 

Pro! B G Maegralth, Dr A R D Adams, Dr J D King, Dr D J Rigby, 
Dr R A Sladden, and Miss M M Tottey 

Treatment of B T and M T malaria with palndrlne (Temperature charts 
and diagrams Illustrating plasma and urinary concentration of paludrlne ) 

Clinical cure of B T and M T malana can be obtained vuth doses of 
paludnne ranging from 10 to 750 mg given twice daily for 14 days Over this 
range of dosage, paludnne has not given nse to toxic symptoms beyond 
occasional nausea and vomiting 

Since June, 1945, cases of relapsing B T have been treated wnth either 
50 or 500 mg paludnne tmee daily for 14 days or ivith mepaenne, 200 mg 
four times daily for 2 days, followed by 100 mg three times a day for 10 days 
Courses of treatment have been admmistered to patients in rotation so that 
random sampling of subjects has been obtained Dosage has been checked 
b} estimation of the drug in the plasma and unne 

The results of this expenment are not j'et complete, but relapses have 
occurred after all dosage regimes On these dosages, therefore, paludnne does 
not prevent relapses in established cases of B T 
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RcI*p*inS «nd dcliyed praniiy atucki of B T irt now btuw treated bt 
giTing auigle do*e» of ptiadnoe ranging from 50 to 500 mg 

In wme ci^ the ptuoiu Have beta tUowed to go on after a cngle do« 
unta the dttCMe haa rtlapwd. Swii ntbpao occur 3 to 8 treeka after the 
thfnpeuUc dote 

After treatment with a tiogte doae of 300 mg paoenta are t»vr receirkig 
a dote of lOO mg oeceweeklj- for 6 montha. So faria u known, relap«a do 
not occor on thU regime, WTiethcr relapcet occur after completion of the 
once wetkiy rtgizoea i« not yet known 

Control experlmenta ihow that aingle doaea of 400 mg mepaenne hare 
onular carttiTB effecta on the aente attack of B T 

Intrarenma iojecticKi of 5 to 20 mg paludnoe producta cure In 

tnjphnroite Indoccd thertpeunc B T 

BothfrrimaryandroUptingci*eBof%LT malaru reapoed to pa] dnne gircn 
orally Ooaea of 60 to 0OO mg twice daily for 14 dayi hare proved tucceatful. 
Caaea are at preaent being treated with 100 to 200 mg tsnee daily and foQowed 
up for 6 months. So ftr on dosca of 100 mg or more twjcc datly ALT malanj 
haa not been found to relapse. Clinical core hu also resulted aftef 500 tug 
daily for 4 dayt. 

Hbi U If TotUy tad Prof B 0 Ifttgrtlth. 

PbaraLse^ofy sf fslatrtat In knaua aaklsati 
MetAtremeoc of plasau pahidnoe eoncrotrtooo girei a fairiy accurate 
eatiaute of red ceU cnoentranan 

The foDowuig table showa the dutribunon of paiudnne and awjiacnoe 
IQ whole blood plaama and packed red and white 

It Will be secs that white ceUa contain about 120 tunes aa much paludnae 
aa red ccBa. (AVhice ceUa fti about 3.400 umes aa much mepacruie aa red 
celta ) 

Estimauoos of the drug were earned out m wboie blood, plasma, packed 
red celb and lencocyte* obtamed from the same sample of blood. 

The leucocytes were coQectcd m wmstrd ccacnftige tubes, the rohime of 
bkwd used bang calculated from the baematoent layer ao that the boffy layer 
occapted the capiQxry atem. 
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% Paludnne m 

% Mepacnne in 


■whole blood 

whole blood 

Erythrocytes 

73 

13 

Plasma 

13 6 

10 

Leucocytes 

13 4 

77 


Paludnne subject had been on a course of 500 mg bid /14 days 

Mepacnne subject had been on a course of 100 mg b i d /4 days 

Figures were shown illustrating the plasma paludnne concentration after 
50 and 500 mg twice daily for 14 days, and after single doses of 50, 100, 200, 
300, 400 and 500 mg 

After 50 and 500 mg twice daily for 14 days 30 to 50 per cent paludnne 
IS excreted in the unne After single doses ranging from 50 to 500 mg , up to 
60 per cent is excreted in the unne 

Dr J. C Gage 

The estimation of palndrlne In nrine 

Paludnne reacts wth copper in alkaline solutions to yield a complex 
which IS soluble in benzene , the benzene solution when shaken ivith an 
aqueous solution of sodium diethyldithiocarbamate, develops a golden brown 
colour, the intensity of which is a measure of the amount of paludnne present 
This reaction has been made the basis of a method of estimating pdudnne 
in urine , it is not so sensitive as the method based on hydrolysis to p-chloro- 
aniline but it is adequate for the examination of unne of patients receivmg 
paludnne therapy The method is more simple to operate than the hydrolysis 
method and requires no elaborate apparatus , it is therefore suitable for clinical 
use in the field 

Dr A Spinks. 

The pharmacology of paludrlne in animals 

The absorption, distnbution and excretion of paludnne ha\ e been investi- 
gated in mouse, rat and rabbit In all three species paludrine is rapidly absorbed, 
gmng, howeier, only lov concentrations in blood and plasma, of the order of 
1 to 5 mg /l, follomng the oral administration of 80 mg /kg The concentra- 
tions in blood are 2 to 4 times those in plasma, due to localization m 
cells, the concentrations in red cells being 4 to 8 times, and in white 
cells 10 to 100 times those in plasma The leucocyte concentration, neicr- 
theless, scarcely affects the blood/plasma ratio Concentrations in tissues are 
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th*o in pl«nu. bvt nry gntily with the twM, Mxng ufiuDr m the 
^er lun*. kidney tplecn, Dto- heart, njteatine, p«ocre*», rotade, fit, hfim. 
Tne amceotratlon m brtin it mlmite and probably refetiblc to the bbod 
Wtent of tirit orjtn that ii, pahulnfie probably doe* not pas* the Wood 
hr^ btmei The tisHte^bdrm* coDcentntioo ratio rarely rises shore 50 
eren in kulncy tiai lon^ 

Pihidrine is cteteted nmnly in the unne m wlaefa it u usuiliy detectiblo 
for about 6 dtys folkmin| a amgie oral dtwe. Some drug U excreted in bile. 
Slid through the wall* of the bttenme, probably also in secretion* other iV-ar, 
bile, to giro signihcant imounu In the fttet* foUowing in tnr e it oa* tdami*- 
tratwn- The total amoent excreted to anne and {Mtce$ i* lataJIy les* than 
■40 per cent, of that admfaiiitered. 

Patodrmc thow* marked <puhiattro saoilanty to mepaenne, aoggeitiDg 
that the bigutnide sde ch«m perfonn* a ** amductophonc fanctwn ” 
(hlAonatwX entirely analogcoa to that of the diajkylandno alkylammo ride 
chain of mepaenne and albed drngv In roost mpects the particular propertie* 
conferred on raepaerme by thia aide ehen, which otay be regarded a* 
erideoce of an affinity for ceil* shown at the expense of the body water are 
k*a markedly diaptiy^ by paladrtee. 

ncAaTUBTT or tiopicu, mea s n. 

Pn( T H D«roy 

The niethod of ntecsunng the area tod dltgocuO of the aperture in itaiulard 
and t/cernatiro soaqiirto nettfng of ahematiro EDoaqidco wttiag 

were on new showing ranoos stage* to the dereJopment of the Detdng finally 
issued by the AustrtUan and Bndsh War Office*. 

THl WAtaiKOTaH TO*KE DIPA*TMWT CT CHDJCmiHAJ>T 
Dr E H Loorit 

A dapUBM mfiaa ler evtorofisa cd i toiifrftt? e( eittxm. 

The mediton desenbed below kaa bees osed for aotox years tor rotrttoe 
mamtepance of klshroaoia straini, as well as for primary culture u the diagnosis 
of kala-axsir {t ta aetm-aoUd in cooalatency and compnacs the followiag — 
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The proportions are quoted above m terms of the actual amounts frequently- 
chosen, for convemence, in bulk-preparation of the medium, for distribution 
m a number of test-tubes 

The medium is prepared as follo-ws Agar and normal sahne, m the 
reqmred proportions, are placed in a flask and heated over a Bunsen burner 
to boihng-point The solution is then allowed to boil for about 2 mmutes, 
after -{vhich the flask is placed in a pot of hot -water, m which a thermometer 
is kept, and allowed to cool When the temperature registered by the thermo- 
meter has fallen to between 45° C and 50° C the flask is taken out, and the 
required volume of blood (previously obtained by cardiac pimcture, and defi- 
bnnated by shaking -with glass beads) is added and shaken to obtain an even 
distnbution Before the medium has had time to cool to the pomt of setting, 
It is quickly poured mto test tubes — 3 to 15 c c per tube Strictly sterile 
apparatus and methods are of course essential, but it has been found unnecessary 
to autoclave any part of the medium 

The tubes used for the cultures are of a standard test-tube size, about 
15 cm long and 1 5 to 1 75 cm -wide Cotton-wool plugs are not used, since 
It has been found quite satisfactory, in this chmate, merely to cover the tubes 
with dome-shaped glass caps, about 3 5 cm deep and 2 5 cm -wide , con- 
taminations by air-bome bactena, moulds, etc , have been neghgible 

Advantages — ^The medium is much simpler to prepare and to handle than 
the classical NNN medium There is no need to “ seal ” the tubes, or m any 
other way to promote and maintam “ water of condensation,” as in the use 
of NNN Dense growth occurs in the uppermost layers of the medium, from 
which flagellates are easily removed by means of a platinum loop, for exam- 
ination or subcultivation In this respect it is as convement to use as the 
media recommended by Wenyon (1921), Kligler (1924), Noguchi and Linden- 
berg (1925), and Adler (1934), but it is of simpler composition than these 
preparations, m that plain agar is used instead of nutrient agar, and normal 
sahne mstead of more comphcated solutions 

The addition of glucose was tried, in order to determine whether ncher 
or more long-lived cultures would result, but there seemed to be no advantage 
in this extra component 

Tubes of medium may be put aside in the refrigerator for prolonged 
penods before use Several such tubes were so^vn as late as 14 months after 
preparation of the medium, and excellent cultures obtamed 

Longevity of cultures — Where cultivation is attempted for diagnostic 
purposes, the tubes should be incubated at 22° C to 25° C , smce flagellates 
appear earher at these than at lower temperatures For routine maintenance 
of strams, however, it is an advantage to keep the tubes at room temperature 
(■varying between about 15° G and 21° C in the room where our cultures 
have been kept) Growth is slower under these conditions, flagellates first 
being seen a week or longer after sowing, but the mdi-vndual subcultures last 
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» rttn*riably long ttme, protWed there a tuffidrac medium imtitDf hi the 
tube* to coiDpentcte for lott by ertpondon. 

The very ibgfat cmotmt of stteDtioQ deouoded in rcpotioe 
ttnmM uoder tbe»e cmdCdoDt U •hows by the protocol* bekrw — 
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A* ahiTtra by thc»e dxti, vucccttive nibcuitum hire often been o»dt *t 
zDtemb of 2 or 3 month*. However nunj of lhe»e cu h oie* when cammed 
4 to 6 month* or more *fter wnrmy hare ml] been found to cogtttn morinf 
fltgcQatc*. In acTcnl mstmce*, when the xaount of mediom luUeBy in the 
to^ wt* about 15 cc is<E\iduai aubcttittue* remauied viable for a* losf a* 
10 and 11 month*, far oatitnpp*Bg the period* of aomc 110 day* to which 
cttmtioa waa dream by Row (1933) 

Recently prepared culmre tube* were demonttrated, together with two 
tube* m wbeh Ribcuhure* of L tropere h*d been m a in tam ed for many mooth*. 
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On the latter tubes the level of the medium was marked at mtervals, to show 
the amount of loss by evaporation, as summarized m the table below — 


Tube 

(15 cm X 1 7 cm ) 

Tube-length occupied by medium 

1 

12th Dec , 1937 (start) 7} cm 

6th May, 1938 (4^ months from start) Still + ve 5i cm 

20th Oct , „ (lOJ months from start) — ve 4 cm 

2 

2nd June, 1937 (start) 11 cm 

21st Oct , , (4J months from start) Still + ve 9 cm 

17th Feb , 1038 (8 J months from start) Still + ve 7^- cm 


, REFERENCES 

Adler, S (1934) Culture of leishmanias and other Trypanosomidae in haemoglobm-free 
media Trans R Soc trap Med Hyg , 28, 201 
Rligler, I J (1924) On the cultivation and biological characters of Leishmania troptca 
Anter J trap Med , 4, 69 

Noguchi, H & Lindenberg, A (1925) The isolation and maintenance of leishmama 
on the medium employed for the cultivation of orgamsms of the leptospira group 
of spirochaetes Ibid , 6, 63 

Row, R (1935) On the longevity of Leishmama tropica m culture Bui Soc Path exot , 
28, 269 

Wenyon, C M (1921) Trans R Soc trop Med Hyg , 16, 153 

Dr E M Lourie, Dr A 0 F Ross and Mr J Williamson 
Therapeutic action of crystallino penicillin on splrochaetoses 
{a) Table companng effects of (i) partially punfied pemcdhn , (u) crystal- , 
line penicillin 11 , and (ui) crystalline pemcilhn III on Sptrochaeta recurrentts 
infections in mice (Details to be pubhshed m the Bnttsh Medical Journal) 

{b) Colour photographs of pnmary and secondary syphilis before and 
after treatment by pemcilhn II 


Dr H 0 J Collier and Dr E M Lourie 

Table showing relationship ol chemical constitution to leishmanlcidal activity 
in vitro, among aromatic dlamldlnes and related compounds 
(Details to be pubhshed m the Annals of Tropical Medicine and 
Pansitology ) 

DEPARTMENT OF ENTOMQLOGY AND PARASITOLOGY 

Miss M A Hill 

The llle-cycle and habits o! British Cidicoides 
Specimens showing the life history and graphs illustrating the seasonal 
abundance of Culicotdes sp were shown 

In strains reared at room temperature the egg stage of C obsoletus, Mg 
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Itttt from 30 hcnrt to 11 diyi *nd the Uml 5 ntooth*. The ejgt of 
C mfMM£tatM3 Goet latched In 14 day*, tad the Itml mje luted 7 aicmihi. 
From esg* of C ofaofrtux Wd In hUy md kept hi the open, tdolti were r etml 
IQ October but Urrjm whidi hitched firuin ejg» of C mpnctstxi UId at the 
tune time, tad alao kept in the open, had oot pepated after 10 looathi. In 
lftt5 C mpmsetMtus tria fir« coU^ed at Kno^ey Part, Ltrerpool, at the 
bejinmng of ApriL There wo a ateady nae la Ita abonchuice tmtil tte begitmiQ| 
of Joiie, when the tpeaea reached Ita pealu No tpeesmen* were ciogfat after 
5th Aogust. The fuvt ip ccn ncna of C dmUtmt were tl*o co&ected at the 
begummg of April, and the apedei reached a peak of abimdance the end 

of May and the b<^rming of Jtme. They were foond thnn{[hotrt the tumiTfr 
and another peak of ahtmdance waa recorded at the end of September and 
the beginning of October 

The ntnnben of Urrae recorered from a aelected aitc dropped from a 
level which waa ateady durmg hCarch and April, ISIS and were lent abondant 
dochig hfay In Jane and Joly there waa a ahaip nae in tbupdance of lame, 
and In July and August the mnrdien reached a peak. Throotboot the winter 
the znimbera dropped aieadOy to a level, which in March, 1S46 waa aitnUar to 
the level in Mar^ 1945 From thla alte pupae were recovere d donng April, 
hlay and Jane, and C tmftmctatus emerged 

Hr K Uanrortb and Prof R U Oonloa 

ta at Uai at nHtt tkts t hawt ag ittaaJwd 7>aMWada hma 

The aectrona ihowed the mootfapam of mitea peattmlng the atntum 
conieuxn, and the extraordmary aucbiig tube eatending into the cot ha n and 
formed aa a retulc of the reaction by (he boat tuauca and the ae cre dona of the 
nute. Hie aectEona demaoatrated that tbia curiotu method of feeding causes 
an area of hyahoe defcnerarioa ut the conum which uiuaQy takes the form 
of a aharply deftned cohnnii of degeoertdon vuticaJ to the akin 

BIr K UiawcTth tod Prol B M Oordoo 

A uahslfM lor witntalnlnr rM itt io^ar f m fmtmift la thb amtry 

Two tecboiquea wer e daootutraled — 

(a) A modificatfcm of that used by Siiorrr ri ml (1920) m winch the flies 
were fed on the ann of a human Tohinteer By thia method a strain of 
P paptitai has been mamtsmed at Liverpool for 6 months. 

(4) Thia technique waa time-conaamlng and vanoos attempts were therefore 
to find some method of brtedmf the flk» which woald ditpeose with the 
CSC of hmran Tohmteen for blood roeab, and allow of easy access to die breedhig 
chambers, 

The moat promising method ao far adopted u one in which a high hnmidity 

u attained withm a chamber coaitroeted of Keene s cement. The food for the 
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larvae is spread on a porous container resting on the floor of the chamber 
Baby rats are introduced daily and serve as a source of blood for the flies 
The results so far obtained by this method have been promismg, but the 
apparatus is still in the expenmental stage 

Pro! R M Gordon, Mr K Unsworth, Miss M A Hill and Dr D S Bertram 

Investigations on Lipo7iysnu bacott as a vector of Lttomosoides cartmt In 
cotton rats 

1 Method of isolation of the mites 

{a) From bedding The bedding matenal is spread inside a tube 3 feet 
long and 1 inch m diameter, the tube being suspended on termmal brackets 
An electncally heated coil pulled by mechanical traction slowly traverses the 
length of the tube, dnvmg the mites before it into a collecting chamber 

{b) From the nests of R rattiis The nest is teased out into a large trans- 
parent funnel leadmg to a darkened chamber at the lower limit of the stem 
of the funnel A 60-watt lamp hangs above the funnel and, provided the 
matenal is well dispersed, a high proportion of mites collect in the dark 
chamber 

2 The life-cycle of L bacoti 

Exhibits of the hfe-cycle of L bacott showing the eggs, the relatively 
immobile, non-blood-suckmg larvae, larval casts, imfed protonymphs and adult 
male and female mites 

3 Method of maintaining strains of L bacoti 

Apparatus was shown which is being used and developed for the main- 
tenance of strams of L bacott and for the transmission of L canmi by the mite 
to the vertebrate host 

4 The development of L canmi in L bacoti 

Vanous stages in development were shown and, smce the demonstration, 
the infective form has been recovered These results confirm those of Williams 
and Brown (1945) 

5 Transmission of L carmii to the uninfected cotton rat and to the white rat 

The demonstration showed the method of mamtaimng colomes of L bacoti 
on the cotton rats, the colonies being isolated by means of water surroimds 
In this way a number of cotton rats and white rats have been exposed to infec- 
tion with the filana Sufficient time has not yet elapsed for the appearance 
of microfilanae in the penpheral blood That the white rat is subject to mfection 
with the same species of ffiana, L canmi, as the cotton rat, has been proved by 



10 


lOBOKATonr uettuco 


ftito **X^ ofWKdoKtxt* ocean in t high percatttgt 
of cotton r»t$ m the 'ricmity of Hoaston tad tns fooad tl*o m s white rat boin 
*od rai»«l in the Rlcc Inttitute rnlmtl house, where some irtf.»rt<»d cotroD rtu 
were kept. 

KDmxrav 

Cmmui. A. C. (1®®!)- Pr^ VS. Asr. i/w- T» Art. 23 
WoLUM*. R, H. fc B»owk H Vr (1W5), Stkmc Irt (2BM) «2. 

Prtd R H OordOD BOn H A HfU and Dr D 8 Bertram. 

T«Qh>lf«t cBiyUyvl («r ebtstal&x bwt«rts<{m nttymlep •! t y e c M O to 
•f .PfaiwiiTwi faStAMnt. 

A batch of Afdts M*typh are fed 18 dtj* prior to the espenment, oo s fowl 
mfected with P ggOtuMCtian, end showlnf ntnnmitu gsmetocTtes in the peri- 
pheni blood. 

One fightly utacTthetued mosquito ts held by the proboscu m forceps 
under a ttream of rapidly fsIEng drops of 73 per oat. aksbol for 1 J ramntea. 
After this prclmdnaiy washing in akoberf the mosquito is rapidlj drained on 
two foc ce airye thps of sterile filter paper snd transferred to ■ drop of sterik 
Tyrode s sointion on a steriie ibde pla^ under a diisircfTTH microscope. The 
mosquito u then dissected with aterile needlea and the eahraty ghnds rcmoTc d 
withf^ comog the oesophagoa. The dissected glssds art next tnoafmod to 
a freA drop of ttenk Tyrode s sohmoQ and fin^ mlocrd. A ngid sseptw 
techmqoe, neh as ibtt employed m tusoe cohxire, o obserred throoghout all 
these manJpuIatioQs cod the cubseqneot moculsQoQ of media and tissue 

If spocoaoices are frnmd to be present and tooule, one pladoum loepfol 
of the eomfaian is sown m 10 c.c of Brewer s me(hu&.t A tasople of the 
sporoxoite emolstoa u then injecte d tom a fowl, m order to confirm that the 
sporozoites hare not been injored by the stenllmig alcohol trcsczacot of the 
mosqinto 

The results suggest thst a high proportion of the gfands obtained by this 
ii-rVtni t pt» are free of viable becttna a^ fungi and that the treittnmt bas 
no injunooi effect oo the sporosoitcs they contaiii- 

Dr D 8 Bertram and Prof B tf Oordoo 

Afparam ms4 ter sot adatt SmJSmm trem stOatM Urras. 

Th-e coateol of Smulatm breedmg places is notnnoujly difficult and the 
of lamddal substances m the bboratory bas proved unsstlsfsctoty 

tT^'^oSinn t lik i^y v oCsw tas dm rtt i wtsTgrw nded by Bmu (IMO), om- 
swnly used by tbe Bkiod BwA f 
Per 

Port: bifartoo soUds 
PeptcBe (dm) 

Sodaim eblonde 

Sodnan duottrcoHste O'! 


lac tcWiBtg Ow stentny oi pwmta, esmtn* o* - 
cent. 

f Aaar 

1 CucCM 

D-5 Metfarloie blu* 
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Since it IS difficult to imitate the natural environment of the larvae m fast- 
running, highly oxygenated water 

The apparatus demonstrated consisted of a cement block designed to 
provide a wedge-shaped depression on a slope of about 45° leading into con- 
cavities 4 inches to 5 inches deep in the base of the block The cement block 
rested in a wooden case with glass sides above the level of the cement, and a 
gauze top through which the aerating device projected 

The pnnciple of the apparatus is that a continuous flow of water, oxygenated 
by passage through a glass filter pump, passes down the slopmg groove and 
through the concavities or pools to a metal outflow pipe discharging into a 
sink 

This technique was used with success in West Afnca by one of the exhibitors 
to rear certam species of Stmulmm (but not S damnosum) from egg to adult 
In Afnca the piped water supply was direct from a natural reservoir, and 
although it IS not certam that the Liverpool water supply, which is at present 
chlonnated, will prove equally suitable, full grown larvae collected in North 
Wales have pupated and produced adults after 12 days of exposure to a constant 
aerated stream of this water supply 

Mr K Unsworth 

Skin sections showing Demodex cams 

A skin section, taken from a case of follicular mange in the dog and show- 
ing the mite Demodex cants, together with its ova, in the hair follicles 

Mr K Unsworth 

Plerooerold of Dtphyllobothnum sp from the stickleback, Gasterosteus 
aculeatus 

A plerocercoid of Dtphyllobothnum dendnttcum recovered from the stickle- 
back (G aculeatus) 6 weeks after exposure to infection with procercoids It 
was suggested that these small fish may form a reservoir for the final fish host 
of Dtphyllobothnum 

Pike became mfected with plerocercoids when fed on infected sticklebacks, 
and It was suggested that similar small fish might play a part m the life-cycle 
of other species of Dtphyllobothnum forming a reservoir of infection for the 
final.fish host 

Sections prepared from material supplied by Dr Bhaskara Menon, showing 
the distribution of adult and larval forms of Comspiculum flavescens In 
the abdomen of the lizard Calotes versicolor 

Dr Bhaskara Menon and his colleagues* have shown that infection with 
this worm has been known to produce elephantiasis m the Indian garden lizard 

• Menon, T Bhaskara, Ramamurti, B & Sundahasiva Rao, D (1944) Trans 
R Soc trop Med Hyg, 87, 373 
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(C wmfoisr), tad hire pubfithed * full tccwint of the Lfc-cjde of the ■worm, 
indodlss iu d e re kipm ait m CmUx /otiftMS tnd the p«tbok>ciaU leaions it 
producet m the rep^e baft 

L*ve tpe ctmeo f of infected fiardf were kindly ient to tl« UrerpooJ 
School by Dr Mejcox TTio eectiou fhotm were mtdo f rom one of tbe 
which died ihordy after amral, and ffluitraie Dr MEMoVa deacription of 
the tppetranec* prodoced by the percnt wwma when lyin^ faiudo fymphatfc 
Tcaaelt in the meacntery 

8tr PhQIp H*nsoii*B«hr 

A ccrtef «( phetocnaki tnm Qatto £neder {t>W 0 matm) takes by Pnf 
A Lhd PrefcaiK •( Tnylfal S«4Ms* C«st^ Gahwftty Qake 
The picture* represented piQta, opundla, ferrtigD perurif, and mycetoimt, 
s* been in Ecuador 


Dr Oeorce HasdooshL 

Ptrtor** »/ AMmtUts U*i ts i:cnt 

The exhibit OlListrated by fnexo* of map* and photograph* the 
loQitioa cad datea of aerere epldemka of malaria in the NSe \aUey 
which were crofed by AxofMxx Tbi* moaquito had oot been 

prmoualy recorded m Egypt Addhtonil pbotograpbi ahowed the loicthods 
of coDtnl need by the Gambbe Endicition Serrict under the nperriAOB 
of the RockefeOer Heahh FoondatioQ. 

Ur W R fooei. 

ExpcrtSKstal *a**>>ath i tbmotktrtpnfU ttaSka nlnf aiycriiMeiaSy 
rata 

An aq>cnrBcntal infection with Bxttmoths AirtotTytic*, may be produced 
in yotmg rat*. It i* tmtahle^r aye in cbcmothenprutic atudica. The tc»t 
dn^ 1 * admlniateied 2i boora after the infectioo, and an taaewnent t* made 
of the effect by a poftrnortein exammatioo made after 6 daya. The therapeutic 
effect It meaaored by the uK of a atatitdcal toethod in which the average degree 
of infetXion of a treated group » com pa red with that of a cootroi group 

'Ihc foSowing Item* were demonatjxtel. 

1 A for the luge-acaie odtmbon of £at*aw**a faalafytic*. 

a AmoeWe nlcerxtion in the cseann of expenmentthy infected rata, 

3 SHdea and photograph* ttowuig wpetficial and eitenfivc amedHC 
ulceraboa In the e ta im , cokm and ileum of rat*. 

4 , Charta lUuatratmg the nomul courao of the infecoon. 

5 Charta demonatrxtinf the therapeutic effect of emetine, cfcmiofim, 
carbartooe and ttortraoL 
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conducted by the United Sma of Amenc* Typhia Commarioo m the Chna- 
Bunn»-Inda tbotre from December 1944 to Norember 1945 Tboe 
itadjc* for the moet part were cuned out in the ricinfty of Ledo Amm. tad 
in the region about Myitkyma, Upper Burma, The tuccettfuJ outcome of the 
inteatigitioni wti greatly f*c£Euted by the aupport and eo-operetioo of many 
individuala and many organlutiona. 

The fimt detailed aoendfic itudy of tautangamtaln daeaie in Japan defined 
the dinjcal ayndrome and deacribed the pnnapal featurea of the epdemroJogy 
It ^raa obaerred to hare a ttnet acaatpial incidence, occurring in the apnng 
and early aummei In nref raHeya tubject to mnndation, appearing aa tbe fiord 
water* receded and igncolturil w o riicra returned to tbe land. The inadence 
teas lettnctcd to indiriduab working oo tbe flooded areas and comdded with 
the appearance of large numbera of mite* which attached to man and to tbe role, 
hlxoTjtms wtoMUitSa Kliloe'Edwarda. The ndtes were beheted to play a part 
in the aetiology of tbe < C t ease and It waa auggeated that an infecdoua agent 
waa mtrodoced into mao by tbe mite aubacquently deaenbed a* TnmimaU 
shimuiJa (Bxcorrr 1910 'TaoJLX, 1899) It was shown that the disetse did 
not occur in aren where titti cure was not found, and tbat tbere nu no seasonal 
correlation between the inadence of the disetae and the appearance of other 
apeaea of mites. It wn Gkcwise obaerved that T aAaasub did not attach 
to two hnttt aoccesairely leariog tbe loitia] host after completing its engorge 
meat and canying oo the remaioder of ita life cycle in tbe soil 

Early ci p e rk oental atudiea in Japan appeared to confinn tbe bebef that 
the mite functroned aa a vector of the disew. Larvae of T aisaaiti reared 
from adults held in tbe Ubontmy were allowed to tnscb and to feed upon 
t Japanese monkey which nbse<pK&tiy dereloped a febrile condidoo beCertd 
to be tbe bomologoe of the diseaso m man., (hliTAjnu and Oci7VUi.t, 1917 ) 
It wsa ferrthef shown that monkeys and oUsq erpedmentai animab exposed 


Yniilt h li ■njirmfli U r' nwW -■s-Vir— ta «n, * trwh to espras our 

psrticiilsr ap p r e eb tbo to (b« fbiknniig Ammess tod Bntiri] dviHm tad mSStaij 
ttrthonifc* — 

Tbs tbsttis w tag root, 0:fB»<Baiios-ln>Qs Tbsstrs, Bdndin Csoml JiMtt £. BsTUt, 
Ti fi A , Cokod Rooar P Woinua. &1.C tod ColoDd Kaso. R. Lcranrso, XUC. 
Bdewbv Genenl JoHx P Wnxxr CotmsiMfiDa Gsnml Mars Task Fores 

It. A. H iianmi J Corps of E mWs w, Corrsoaniboa Officer Souvbsm Arcs 
Cwmansdi Coloosi Vocooe* \\ Pttps m w . MC Sturem. Northsm Comhst Area 
LnL-Cc4i»el W W Hrrma MC- S uif son. Mars Task Fores sod 
rffs.ln KoT MttTlx, Ssfthary Com, who sras m rbsrxr of tbs Mits Lsbe sst esy duric* 
fiocu Octobsr 1M4 to Aiia^wt. IW5. 

PsjtKskr H iTifa ere due to tbs Comcnsmifaia OScare and tbs tttSi of tbe foDowaif 
Aledicsl Department ti»taIlat>ocs for thrir coostam and anf ii hn a sasbiafMji and 
o otf-rw tb« 20th Geoeril Hospiial die Nth Ereeartwi Ho^rftal tbs 
Drtoistiesa HospsCal the 73rd Etwms£»» HosphaJ the 25tfa F*id HotprtJi tbs 
44tt Ffcld Hospftal snd tbe Wi Msdicwl LsbortnwT „ , . 

Dr R. Lnrmwm*, Medfcsl Resesreh CooDcfl of Crest Bntsfa. sod LsBrt.»Cotooet 
I R. Acht RAJVLC, Stiub Typhus Lsborstory Iiaphsl. Indk Coiwns^ Ce.^ 
Wuxn. Senior Crefl Affairs Offieer, Myrtfcymfc Bunns tbe Ct m msqi W OS err WO i 

IndiaoGsoerilHtspi^ DrS.R.Bv’rw* tbe Ilaffkms InstmitB fiar MedicaJ Resesreh 

■id tbs Calcutta Scbml of Tropkd AtrdKiiis. 
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tnenL Tha ipeae* of mite hm found to lnfe*t wild mti. Injection of t 
RUpemcm of Itme into a gibbon prodoctd * febrile dbeate wWch was eon 
•idercd dgruficant (UilXH and KjDjKCtsCHRiJTni, 1925 ) 

It was recognised that tautsagaimiihi disease was p r es e n t in some parts 
of Malt)n and that the epjdcmkitogy was nmnir to tht m Sumatra. Large 
Qomben of T dtEnsa were foond infesting the wild rats In areas w her e the 
disease occuned. (Flctche*, LEanoa and Levethwaite, 1928.) Other 
tjphQS-liko diseas es not presenting an eschar were classified as urban, and 
rural or “ scrub ” tj^ihus. Shortly thereafter h was shown that these could 
be differentiated by serological methods. Sera from cases of the urban fonn 
agglutinated ProUms 0X19 but gare no reactian with Proiaa OXK. Sen 
from the rural or scrub disease, on the other band, jielded a DCga ti re 
react! oo with fVoIno 0X19 and a positlTc teactkiD with the Kingsb ur y strain, 
(Fixtcheb, LmM* and LEwrnwArn, 1929) This obsemtion estabhsiwsi 
the idenbty of tsotsogamushi and rural or ** scrub ” typhus, and demon- 

strated that the chrucal dtstinctian based oo the presence or sbsence of cschsr 
was mrahd. 

Further toTestigadons of the rural or scrub form of tropical typhus 
led to the isoiadoo of two strancs of ncJottsiae from wild nts trapped in an 
eudezme area. These strains exhibited cross immunity with human strains. 
The reco > 'ery of the mfeettoos agot from the rodents was coosidemd to be 
coDclusire endence that the wild ** brown ” rat was the resemnr for the 
cauaatire agent and that the Urral onto T dAwou was almost certainly the 
vector of disease. C^^tWTHWAm and Savoc», 1936) Unfortunaaly no 
speafic identificatioa of the rat was made, and no e ap enmental proof of the 
pr es ence of the catostivT agent m the mites was presented. Subsequently 
the cooclusion was reached that ttutsogamoshi disease in Malaya and the mr^ 
form of tropical typhus, “ scrub typhus.** were caused by the same teuologreal 
agent, JL cnentaiu It was fm dtei csubhsbed that the caunbre agent of 
hlslsyan tsatsugamusin and scrub typhus, and of Sumatran imte fever ** 
or “ scrub typhus ** were ideobcal and pre cross prwcctioii m txpenmmtal 
.nifrat* (L^wTHWATTB and SsToos, 1940 KotTwnUA* and Wolet 1942.) 

While the tenni tropical typhus and Uck typhus appear frequently m the 
medial hteratnre of India, it was not possible to chmngmsh between the 
specific disease eobbes prior to the introducbon of the Wed FeCi reacbon 
i»ing suspensions of the "O’* anbgen of the three strains of 

Pnituj XK, X19 X2. Follctwing the adopboo of this diagnostic technique 
m 1934 r e p o r ts began to appear of scattered cases of a typhos-liko disease 
which gate significant agglutinin btres against the OXK strain of Pninu 
These were reco r d ed first from the Suols Hills (Machamasa, 1935), snd 
shortly thereafter from Labore, Meerut, Bengal and Assam, Deccan, and one 
case from Burroa. (Boro 1935) Confirmabon of the presence of OXK 
posiUte typhus m the Simla Hills was shortly provided (Btro. 1936 Con^ 
193^ and it was noted that in this r^oo the disease occurred u sporadic 
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cases or focal outbreaks m rural or semi-rural areas, appearing especially 
immediately after the rainy season during August, September and October 
As the Weil-Felix reaction was more wndely applied, it became apparent that 
the disease was distributed over a wnde area although its incidence was not 
great in any region Thus, positive sera were recorded from vanous parts of 
Assam (Woodhead and Dutta, 1941), from Bombay (Patel, 1943), Ceylon 
(Wijerama, 1938, Nicholls, 1940), and the Madras Presidency (ICing 
Institute, 1938) 

Extensive serological studies reported m 1936 indicated a widespread 
distnbution in Burma Positive sera were obtained in Upper Burma from 
Yamethm, Meiktila, Kyaukse, Shwebo, Chin Hills, Katha, Southern Shan 
States, Northern Shan States, Mandalay, Maymyo, and Myitkyina , and in 
South Burma from Rangoon, Synam, Henzada, Prome, Toungoo, and Bassein 
(Maitra and Gupta, 1936 ) 

Five speaes of laiwal trombicuhd mites were identified in the Simla Hills 
region of which only two were considered of potential importance, Troirihiaila 
deliensis and Tromhictda aciisaitellans T dehensts was found to infest wild 
rats throughout the area and to be particularly abundant dunng the season 
when cases of the XK type of the disease were occurring This mite therefore 
^vas regarded as the probable vector of scrub typhus in that region although 
no expenmental evidence was put forward in support of the suspicion (Mehta, 
1937) 

The few attempts which were made to iso'ate the nckettsiae from wild 
rats were unsuccessful (Smith and Mehta, 1937 ) Other investigations of a 
possible rodent reservoir of the nckettsiae were based upon the Weil-Felix 
reaction in rodent sera Titres of OXK agglutinins from 1 25 to 1 200 were 
obtained ivith sera from squirrels in Madras (IGng Institute, 1937) and similarly 
sera from wild rats in the Simla Hills region showed titres of 1 125 or greater 
The significance of the serological findings in rodents, however, is open to 
senous doubt It has been shown in similar studies of endemic (munne) 
typhus that the Weil-Felix reaction with rat sera may give both false positive 
and false negative reactions (Brigham and Bengston, 1945 ) Both H and O 
variants of Proteus, and one strain culturally and serologically identical with 
OXK have been recovered from the blood of wild rats (Vaucel and Bruneau, 
1937 ) A positive Weil-Felix reaction, therefore, may be the expression of 
this infection rather than of infection by the nckettsiae It has been pointed 
out, moreover, that rats commonly harbour Sptnllum minus, whicn of itself 
produces a positive reaction ivith Proteus OXK (Savoor and Lewthwaite, 
1941 ) 

Interpretation of the incidence and distnbution of scrub typhus in India 
and Burma before the war is still further complicated Many of the cases' 
presenting positive serological evidence have been clinically atypical In some 
no rash was present and m numerous others there was no eschar or pnmary 
lesion The report that significant titres against OXK may be observed in 
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refap*fag fercr (Elext^Diw 1W3) tafge$a xhst cermn of tiate oriy ate* 
tn»y h*Te been mitintcrpretcd bee*u»e of t non-^pcoSc WaJ-FeBT reactko. 

Knowledge of tbe di*e**e it the outbnak of the w with Jip»n (in 1941X 
m*y be briefly immnimed. It wa rtcojnijed to occur m Japan, the PHhpploe 
lihndi, Indo-Chini, Formott, Aottnfii, New Gamca, Papea, Jivi, Somitri, 
Mtliya, Ceylon, md nnoua parta of Icda and fai Barna. It ww Tinomly 
kDown as tautiagammhi diaeaae, tropical aemb typhu*. faeudotypbdd of 
DeD Sirnatran mrte ferer and Moaaman feror In Japan and m the RimU 
Hnis region of lodia tbe diaraae bad a definite ttajooal raadeDce related to the 
nuu and to tbe appearance of trombicahd mita. T tktwmki had been shown 
to be a boat for tbe nchetttiae and tncnminated a* the rector In Japan on both 
epidcnnokigical and experimental groonds. A doaely related apecaes, T ^efinutr 
waiconcderedtobe the rector In Somatra, Malaya, and the Sunk IBBa of India. 
The cndcncc aupportmg thta befief, bowerer rca* cpideimolofical and the 
mitea bad not bem aborm to harbonr the infecUoiu ageoL 

In Japan tbe role Afkrotmx wumttietla waa known to be a boat for 
RuJtritsui ormtdBs and there o rgani g o a bad been r tco T u e U from wQd brown ** 
rata m Malaya. 'HKae obtemoona are the bam for the poarulate that certain 
rodents acne ai reaerrmn of tbe infection. 


In the cwuae of World War II aenib typbiu became a dueasc of aamder 
able imbtary importance m India, Sooth Eaatinn Ana and New Gmoea. Etten* 
sre lorcAigatMoj undertaken m the last area br tbe Umted Sum of Ammci 
Tjphta CotBnnaaion tare alroadr been reported. (ButEt, MticT Suiusr, 
Kohls and Bell, 1&45 Kosts. A»mb»o»t lacm and Pirujp 1&45 Philip 
and Kotos 1 S 45 ) In 1 ^ an extenrire ombreak occurred azoong troops 
undergoing jtmgle trtmmg to CeviosL As the forces were mobiEaed along the 
Burma border in preparatioo for tbe offam e opertbom tbe inadenee among 
military umts rcxdied scnoiB proportiom. lo the foOowmg year an unidentified 

febrile diseaac rcaembfcig typhia made itt appearance among Umted States 
and Chinese army units In the noruty of Ledo. Asaam. At first termed “ CBI 
Fever it was shortly recc^nixed to be scrub typhus or tsutaugamushi disease. 
(Peppe*. 1944.) In hte 1943 the disease wm recognued to occur aloDg the 
greater part of the froot from Fort Herts in the north through \ssam. lu^haJ 
and south to C« s Bataar It constituted one of tbe stnous medical proWems 


of the Wingate Raders, the Chmese troops undergoing training in tbe icinity 
of Ledo, Assam, and tbe MerriD Miraudera m the campaign thiwgh the 
Hukawog \ alley to Myitkyina. ThK sudden transliDon into a diseaae of 
cooflderaUe mintary importance m the theatre led to a requeat by the Com- 
nandine Ctoml, ChiM-Bonia-I»<t* thaor tl»t tit Unnrf Sbw rf 
Amend Typhia CramaRim undemle unaanpoom mto the epiiJemtolocT 
mie reeomraepdtttaa for the ptateea* mjtuxy 
r.dd Htadntarten of the Cottmtaaon unved m tie Uxaoe it, Oetober 
end up ,B Barioo in Myttkynu, Btaw ^ t temnoed tht^d 

Aepenodofthemdid. [The fiat Bpoet of the« inreKtSntiota ku reeenllT 

been potBehed rl «t, l«8).] 
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The individual case records of all U S Army Hospitals reporting cases 
of scrub typhus were studied to determine the incidence of the disease, the 
seasonal distribution of cases, and the probable sites at which the infection 
was acquired All questionable diagnoses were eliminated Unfortunately, the 
records of 300 Chinese patients treated from November, 1943, to November, 
1944, had been destroyed before this study was undertaken The total number 
of cases mcluded is, therefore, considerably below the actual number which 
occurred With this exception the data presented are considered to be accurate 
withm a very small margin of error From 1st November, 1943, to 
1st September, 1945, a total of 1,098 cases of scrub typhus occurred among 
Umted States and Chinese troops The overall case fatality rate was 8 9 
per cent 

Since adequate protective measures, including the use of dimethyl phthalate, 
were not used by troops until the spnng of 1945, the incidence rates and the 
geographical distnbution of the cases present essentially an unmodified picture 
of the epidemiology m a heavily exposed, non-immune and completely unpro- 
tected population , 

The date of the onset of symptoms was recorded in each case and by apply- 
ing an arbitrary mcubation penod of 10 days the approximate date of infection 
was determmed The position of the individual’s umt and its imssion on this 
date were obtamed from the Weekly Situation Reports of the Northern Combat 
Area Command (N C A C ) The locations of service troops not mcluded in 
these reports could be determined from the hospital records or from the records 
of the vanous Headquarters, Service of Supply While such data obviously 
cannot give the exact locations at which the infection was acqmred, they do 
afford a dependable indication of the geographical distnbution of the disease 

With few exceptions the disease is not known to have occurred in Umted 
States or Chmese troops outside of Burma or the Ledo area of Assam The 
cases ongmated in varymg numbers throughout the terrain traversed by the 
Stilwell Road from Ledo through Shingbwiyang, Shaduzup, Mogaung, Myit- 
kyma, Bhamo, Namkham, and south to the limit of the penetration of the 
combat forces south of Wantmg Cases hkewise occurred m the Fort Hertz 
region, the mountains east of Shaduzup between that point and the Irrawaddy 
Valley, along the narrow gauge railway south of Mogaung, and in the country 
to the south of Bhamo and west of Namkham In this wide and general dis- 
tribution certain areas stand out as the apparent source of unusually large 
numbers of cases Such areas are the region immediately to the east of Ledo, 
the vicinity of Shingbwiyang, the mountainous region east of Shaduzup, the 
Myitkyma area, the country about Mogaung, and the areas to the south and 
west of Namkham It is impossible to state whether the vanation m incidence 
represents different levels of endeimcity It is evidence, however, that scrub 
typhus IS -widely distributed throughout the entire region in which United 
States and Chmese troops were operating m Burma (Fig 1, p 22 ef seq ) 
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■ncT«DQii«mn suun (mub Tyma) 

Tvi. 1, PMtrt 



Ffo. I Pkit* I ksd II — S(xvi rmna csvnimnKza or nosASLi ixntrmi uus 
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number of c**et. 
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Fig 1 Paht II 



Key for Fig 1 — Continued 


Area Map Reference Number of Cases Deaths 
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■ m m u oAMEgai wmaie (»arcB irTHta) 
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Key fob Fig 1 — Continued 


Area 


Map Reference 
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Number of Cases 
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1 
1 
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17 
51 
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11 
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0 

0 

0 

0 

0 

3 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 


Total 1,041 91 


Seasonal Incidence 

When the cases are arranged by months m accordance with the dates 
of admission to the hospital five incidence peaks appear (Fig 2 and Table I ) 
These are distributed as follows December, 1943 , May, 1944 , October, 
1944 , January, 1945 , and June, 1945, suggesting a possible seasonal dis- 
tnbution with peaks occurring in the spnng at the onset of the monsoon and 
again in the autumn after the end of the rams Analysis of the military actmties 
of the units from which the cases came, honever, calls such an interpretation 
senously into question 

The first peak, in November and December, 1943, pnncipally affected 
the Chinese 22nd Division which was camped along the Namchik jl^ver between 
mile 20 and mile 24 of the Stilw ell Road east of Ledo, where the di\usion \vas 
engaged in combat and jungle training m the immediately surrounding country 
This unit pronded sixty-si\ of the eighty-five Chinese cases included in this 
outbreak 

The second peak, in Maj of 1944, coincides with the operation against 
Myitkjnna by the Galahad Force and affected pnmanly Amencan personnel 
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TKJtlOCAMCSHI DlSUSt (KSCB TTTTna) 


All but eleren of the 1S7 Amencu cttes were loeaibeni of tim comlMt tmit 
The period involved cofeie the time from the departure from Walabum, 
Hth htarchr 1&44, to the etptare of the Sooth Alxitnp tt Myitkymt on the 
17tli May 1944 The nl^nty of the caaes apparently onginattd in the 
SeUwng Hytdg and Ritpoog area ben e t cii Waraiop and the Irrawaddy 
VaUcy The preapitate dj^ in the iitddence of the diaaac in Jane coincided 
with a marked change in the character of the mflitarr opcrationa. Although 
the South Airttnp wai taken, the Japaocac rerntmed In poti ea aioo of the town. 
Combat actintiea bccaoie ftatic and were reatneted to infantry patrol acdooa 
and exteoave tir bombing of the town and the aurrounding Japancae poihioTii. 


Z 



Berub typhus n laifia* 
fiumia tbcatie iron 
Nerrmbar 1949 tejme, 
1945 Graplis of cw 
t nci d cnca n Amtacaa 
Bad CMow trocf)«,aad 
rate par I CCOpermeeis 
oi Aisemn treoca. 
The fire paaki of InofU 
•see ocaJETTed a tweda* 
ike wkb the tmlitarr 
opoabODkl acdtido in* 
djeatad on the chut. 


FolloTing the capture of the North Alratrip on 3rd Auguat, the Jipancac with 
drew from the town and the fiiat phoe of the campaign in Upper Burma waa 
terminated. 

The third peak likemae affected Amencan troops from nnd* September 
to mid November 1944. It mvotved the 5332 Prtrrmonal Bngade (Man) 
cotnprixing approntnattly 6000 U.S troop* and 2,000 Chmeae (I*t Inde- 
pendent Regiment) Of 219 caaea occurring among ibe Amcncan force* n 
September OctobCT and November 201 were memben of th» unit. There 
troop* were camped b e tween the Sompiabum Rnad and the Irrawaddy River 
approximately 8 mltfa to the north of the town of Myitkyma and were under 
gkng cembrt and manocurrea u the aurroundiog country There 

actjTitie* were conducted over a relatively wide area, aimulating combat condi 
tiona. The terminaaon of tin* outbrok coinadea with completion of the 
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training progranrme and the movement of troops to the south m preparation 
for the subsequent attack on Bhamo, which began m early December coincident 
with the imtial nse of the fourth peak of the disease 

The distnbution of cases of scrub typhus compnsing this fourth peak 
resembles the distnbution pattern m the Myitkyina campaign , 185 of the 194 

Table I 

SCRUB TYPHUS IN INDIA-BURMA THEATRE 
Amencan and Chinese case incidence and Amencan rate (see Fig 2) and case 

fatality rates 



Cases 

Deaths 

Case rate 
per 1,000 
per 

annum 

Amencan 

Strength 

Amencan 

Ledo 

area 

and Burma 


Amencan 

Chinese 

Amencan 

Chinese 

1943— Not 

2 

14 

0 




Dec 

16 

67 

1 

1 



1944 — Jan 

6 

12 

0 


2 73 


Feb 

3 

7 


1 

1 29 

27,101 

Mar 

2 

0 



0 88 


Apr 

32 

1 

2 


13 82 

27,919 

May 

137 

21 

26 

3 

67 54 

28,464 

June 

22 

17 


2 

8 97 

29,351 

Julv 

24 

1 



8 64 


Aug 

21 

4 

1 

1 

7 06 


Sept 

34 

6 

1 

1 


39,817 

Oct 

107 

10 

3 

3 



Not 

76 

102 

2 

12 


60,013 

Dec 

69 

22 

2 

3 


67 118 

194B — ^Jan 

143 

14 

17 

O 

26 74 


Feb 

6 

18 




09 671 

Mar 

1 

0 



0 10 

71,622 

April 

0 

G 


2 

0 

70 912 

Ma> 

1 

37 


3 


07 394 

June 

2 

61 

o 

4 



Jul> 

O 

4 

o 

o 

1 

' 0 43 

1 

64,949 

Totals 

C94 

403 

j '68 

40 

i 


Cate fatalitj 



j 


1 


rate 


— 

i 8 3% 

1 

9 O-’c 

1 

— 



Amencan cases occumng in December, 1944, and Januarj and Fcbruan 1945, 
came from combat units in action against the Japanese in the Central Burma 
campaign The remaining nine cases came from non-combat units which were 
scattered along the course of the Stilwcll Road from Ledo to the MCimU of 
Bhamo 
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TBtmcoAMDiBi maxm (kstb immi) 


The fifth pcik TTW mtnctrd entudj to Cliine»e troop* jgim camped 
tJoog the SlihreD Road m the T^p end Nimchlk Tilley* where they were 
many of the ewnp trte* from whkh the ca*e* came in the Imtal 
oQtbreah in Nomuber and December I&13 These tmrti were m proct** of 
soging for the return to China and were not e ng ag ed m combat trahuag * Tha 
outbreak of the disease will be dtsonaed hi detail tubsequently 

Hic case mcidctice amoDj Amcnoa troop* [?orr no reiition to the total 
ndhtaiy populatwo in the Adrance Seetjon, the Ledo area* of Aiaam tad 
Burma, Thna the peak of 157 caaea In May 1&44 occurred with a mffitary 
populatM* of 23,000 wHle the peak of January 1^45, yielded only 143 case* 
from a population of 65 000 troop*. H tm er cr when the inadenec tmoog men 
CQpged in ctwnb a t or combtt trauung U connaated with the inodence among 
non*coinb*t pcrwamel, ctrildog and lognlficant dlffqeocea are rerealtd. The 
data coocemjng the tcoviue* of 699 of the Amejwan casca were tufSatotly 
complete and accurate to pet gu t this typo of analyn*. (Fig 3 and Tabic IL) 



Sotab trpbUB k tb* 
InA tfassm 

£mi Konmber 
tojQB*,l&4S Onpteof 
acUwl CBM totadcncB m 
A i iwruaa and Chkra 
tnwpB that WWB dii B cdf 
emseettd wtab di* 
o^anlicaMl acdnitei 
apcpaAla for tb* frn 
pcab abowa k Fig. 2. 


When the “ combat case* are plotted by month*, the resulting curve U almost 
identical with the laddcocc curve in Fig 2, the peak* in each conrsponding 
to the actiTc phases of the mihtary operations. Thh relationship i* more 
Btrikincly emphasixed by the di itri b u tton of cases in the ootliTeak in January 
1W5 At that tunc there were 65000 U.S. troop* m Aaaam and Burma of 
which only 6 000 were m comhst. ket 185 of the 194 caaea compfinng thl* 
peak came from this combat force; 

When the cases from the non-combat troop* are similarly plotted by 
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Table II 


ACTUAL CASE INCIDENCE OF SCRUB TYPHUS IN TROOPS IN INDLA-BURMA THEATRE DIRECTLY 
CONNECTED WITH THE OPERATIONAL ACnVITTES RESPONSIBLE FOR THE FIVE PEAKS (SEE 

FIGS 2 AND 3 ) 


i 

Date j 

Cases 1 

Cases 

Amencan 

Chinese 

Date 

Amencan 

Chinese 

1D43— No\ 


26 

1944— Nov 

S2 


Dec 


40 

Dec 

60 


1G4'1 — ^Jan 


0 

1945— Jan 

133 

1 

Feb 



Feb 

2 


IVIar 1 

4 


Mar 


0 

April 

30 


April 


6 

Mai 

133 


May 


46 

June 

9 


June 


41 

July 

22 


Juh 


3 


13 





Sept 

35 


Totals 

697 

162 

Oct 

114 






months, a flat curve without significant peaks is obtamed Avith the cases d 
buted throughout the year (Fig 4 and Table III ) It is likewise sigmfiL’^t 
that this group which compnsed the great majonty of the troops in the Ad ^ 
Section yielded the smallest number of cases The personnel m the 
include sen'ice troops, engineers engaged in road maintenance, the d 
units, and signal corps troops operating and maintaining the telephone 

Fig 4 
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’nie*£ dftz lead uaeacipably to the cooda»oa that in the repona under 
conMdmtion, A mm and Upper Burma, Kxub typhua may be acqdred 
throughout the year lod that ^ere ma do true leaaOTi&l modcDce, It appean 
that the detemumog factor wu the cbancter erf the tmlitary opentiom. A 
troold be aaadprted. the greatest nsk la presented by combat and the training 
condrUona tunulaticig combat to mfectiTe terrain. 

The Lox> OtrrBRM. 

Caaca of temb typbu* began to appear sbonly after the amval of United 
States and Chinese troops in the nomt) of Ledo Amm, the mtin stagmg 
area and adranced auppiy base of the United States Forcea oper ati ng in the 
Chma-Burma India theatre. The aieaa unmedutely to the cast along the first 
25 miles of the Scilieell Road were the staging and one of the mam tramm g 
area for Chmese troopa flown oa-er the Hump ” from China to partiapai* 
in the campaignt of 1W4 and IMS The medtcai data cooeemiog the vanoas 
uniti occupying these camps and depota are a matter of record and it was 
possible with the assistance of the Headquarters N C.A.C (Northern Combat 
Area Command), Headquarters Chinese Aniiy m India, from the records of 
tl^ Surgeon, and from data taken from mdmdual case records in the titkws 
bosprtsb to recoostruct the medicai faiswty of the local areas with reasooaWe 
accuracy It a important, howerrr to emphasoe agam that the figures presented 
are imdoobtedJy low because of the destruction of tbe hospital charts of some 
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three hundred Chinese patients hospitahzed m the early stages of the military 
operations 

The toum of Ledo lies on the edge of the Brahmaputra River Valley at 
the foQt of the Patkai range of mountains, in close proximity tor the Tirap River 
■which'" winds through the cultivated flat land It is a tea and a nee growing 
area, closely approximated to the forest-covered foothills Sixteen cases of the 
disease were acquired in this immediate region from November of 1943 through 
June of 1945 (Table IV ) Two of these cases occurred among Chinese anti- 
aircraft gunners stationed about the penphery of the Ledo Airstnp adjacent 
to the town Three cases came from the personnel of another anti-aircraft 
battalion which had its gun emplacements scattered from Margherita to 
Lehkapam east of Ledo, and two from a signal battalion stationed at Lehkapani 
The 4 6 mile mark camp situated just beyond the main ivarehouse area of the 


TABli IV 

INCIDENCE OF SCRUB TYPHUS IN THE VICINITV OF LEDO, ASSAM 


Site 

Penods occupied 

3 Occurrence of cases 

Number 
of Cases 

Ledo Airstnp 

1943 onwards 

June, December, 1944 

2 

Lehkapani 

1943 onwards 

No\ ember, December, 1943 

3 



Januar), June, 1044 

2 



January, 1946 


4 6 mile mark 

October, 1943, onwards 

October, 1044 

1 

C 0 mile mark 

1 October, 1943, onwards 

No\ ember, December, 1943 

2 


I 

1 

January, Februarj, 1944 

6 


Lehkapani supply base was occupied by a Chinese motor transport regiment 
continuous!) from October, 1943, to the conclusion of these studies One 
case occurred in this unit Seven cases came from the 6 0 mile mark installation 
which was occupied from the autumn of 1943 onivards by the Headquarters, 
Chinese Army m India It is of interest that all occurred in the early months 
of occupancy, the penod of cleanng the land and of construction of the 
buildings 

Ihe relatnel) small number of cases ongmating in this Ledo-Lehkapani 
area cannot be accepted as a measure of the endcmicity of the disease Although 
the militar) population wais large and the case incidence low, the majonti 
of the troops stationed here were on duty at the headquarters or in the supply 
depots, and not engaged m training actiiaties The distnbution of the cases 
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TKTIDClAiraHI I«nA«T (*acCl TTTHia) 

in point of tnnc ind the dutfe* of the iDdmdial •olim tgiin tha 

the type of duty wn m hnporttat fiictor detmmmng the ntk of {nfcctroo, 

A thirp outbreak of acnib lyphu* among Chine« troopj camped tioot 
the StOwdl Road betw een the 8 5 and the 5!3 mile mark* In tprinj of 1&45 
pronded eiccptiooa] oppoftmude* for inreatigatron of local endem>dty Twior* 
and poarihle rcaermn. The imhi concerned had recantly arrhed from 
Ramgarh, India, tad from Burma for rtaglng pirparatory to ttar return to 

C h ina. They were not engaged rntrazmogactirldca and cooaeqaendy It appeared 

that the mfcetioa mutt hare been acquired m doac proximity to the hidindQal 
camp aitCL The epidemic began in April and tenninated abreptly m the Utter 
partofjrme. In all, there were ninety fiee ca*e» with eleren death*. Thnwfbont 
the total penod of occapaacy from Jaunary 1W3 to the wmmer of l&iS 190 
venhed ca*e* were attnbutabie to these area*. (Table V ) 


V 

oannpica or waoi itniui w caunw asmt cuo sms sverto rm stxlwsu. kua. 


3{ta 

Period otcup*od. 

1 OcamcQCa o/ cases. 

1 

i N«l M 

cmxk 

Joly to Nortisbor IM3 

1 _ 

] 0 


Fsfaraar » Juae. IMd 

*1*7 

! 1 

rj *(0 ll-f mtk t2ittk 

Sc^rmber mi.mf 

__ 

1 * 


AfrtO. ia44.(o;u&«. IP4d 

>U7 IMS 

' 1 

t}‘0 ouli msi* 

*e Direcoibw 1*13 

1 Octolar Nmenbsr 

f > 


F«br<su7 CO Dnanba 1*11 

1 

c 


Usmry to JsM, 1*4* 

Apnl. Kls Jura 

te 

13 4 nut* 

jettr 1 *R«d SwaanW I*U 

, _ 

0 


Xlueh to Jiaa l*U 

1 April, &Is7 Jim 

*4 

13-e aiJe nark 

JcmirTr 10 ScptcBskor 1*44 

_ 



Kertraba 1*14. to Jmt 1*19 

btnoobw OccnnbcT 


l*-4 tmls oaik 

Jalr 1*43, *0 Jw l*U 

Jjmarr 1*44 




Jove, 1*13 


14-f nnl* naik 

11*7 to Jaw. IW# 

M*y 


U to 33 auWnafk 

October l*4S.tD Jarany 1*44 

Mo-feabor Dcsaiiber 

M 


Apol «o Doccnbcf 1*44 

VturmhiT OaobCT 
NoTcobp D«car^«r 

4 


ApifllO*tiT 1*43 

April, ilcy 

» 




THOMAS T MACKIE 


33 


The terrain m which these camps Avere located falls into three natural 
divisions The first, extending to the 15 mile mark, is flat country through 
which the road for the most part closely parallels the Tirap River and the camp 
sites were placed between the road and the nver bank It is densely covered 
with bamboo, tall trees and intermediate growth Air photographs show only 
a few small isolated areas of what appear to be old cultivated land covered wth 
second growth The intermediate section lying betiveen the 15 and the 19 
mile marks is composed of low rolling forest-covered hills The cover is 
pnmary regrowth jungle mingled with, patches of bamboo There is no old or 
recently cultivated land Only one umt was situated in this section, a U S 
engineer battalion, which will be referred to subsequently At approximately 
the 19 mile mark the road leaves the low hills to enter the valley of the Namchik 
River From this point it traverses gently rolling country in close proximity 
to the nver At approximately 'the 22i mile mark it crosses the nver and -winds 
gradually upward into the foothills of the Patkai Mountains The flora in this 
region does not differ from that already descnbed with the exception that there 
is more evidence of old cultivation on the air photographs Such areas, however, 
are neither numerous nor large The individual camp sites so far as could 
be ascertained from information obtained at the -vanous headquarters and 
from study of air photographs taken m November, 1943, were cut from the 
forest and not placed on previously cleared land 

Certain features of the individual camps are of interest and possible 
importance in connection ivith the epidemiology The 8 5 nule mark camp 
was situated well back from the road, between it and the Tirap River There 
■was much high grass about the tentage area and on the sloping nver bank 
Although this was occupied from July to November of 1943, no cases are 
recorded from it at that time and only one case occurred in the spnng of 1945 
The installation at the 11 8 to 119 mile mark appeared to be cleared 
from unbroken jungle comprised largely of bamboo with scattered large trees 
It was occupied in November, 1943, and contmuously from Apnl, 1944, to 
June, 1945 The nver bank in this area is high and abrupt Although no cases 
were recorded prior to 1945, there were eight in May of that year 

The 12 0 mile mark camp presents no sigmficant differences It was 
occupied almost continuously from July, 1943 Two cases of scrub typhus 
are reported from it m October and November of 1943 , none, however, dunng 
1944 In the outbreak in the spnng of 1945 it appeared as one of the most 
hea-Vilv infected foci with twenty-six cases in Apnl, May and June 

The immediately adjacent 12 4 imle mark camp, although occupied in 
1943, yielded no recorded cases at that time In the spnng of 1945, however 
thirty-four cases occurred m the umt located on this site It differs in one 
respect from the adjacent one A path leadmg from the tents gave access to 
an area at the nver’s edge, covered with grass and brush, which appeared 
to be a popular bathmg site at the time of the 1945 epidemic It was also used 
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Yumuoivom ouiar (kccb rmio*) 

by the C3nnc*e •o)<Ber» for wwhlng unffimn* iriuch were cattomtxiiy #pr«d 
on the gn« or bnuh to diy 

The IS-e nnJe nark onop prweno no nobcembly different ftttnrt* ts 
regird» the geoerai chancter of the tenwa, apart from acnib growth m pre- 
notuly occupied are« cotrtiguou* to the tentage treu m the tpnng of IW5 
and a rciy reatiKtcd cleared area of nm hank, Dunog occopaocy from 
Jinoary to Septe m ber 1944 rw caeea were recorded. In Narember and 
December of that year there were two caaea bm none developed during Jane, 
the only month in which rt waa uaed m 1945 The immediately adjacent 13ff 
imle c amp , although occupied contuiDOosiy from July of 1943 throegb Jose 
of 1945 gelded only two c aaea whidi occurred reapeetiTtly in January of 1944 
and June of 1945 

It me not pocsble to ohtaio the hiftory of .the carap aite at the 14 5 mSe 
mark prior to 1945 ahbougfa ft waa evident from inapectkm of the ground 
that It had been cxtcncirely uaed in the pot. At the tune of the 1945 out 
break, the tent area extendi along the edge of the nver for aome 200 yards 
aa well u along tlie acceaa way to the StQwell Road. It had been cleared from 
pnmaiy forett of Urge timber Five caaea of the diaeaae occurred at th» al» 
in hliy and June of 1945 

The era from the 21 to the 23 mOe marka u the Namcttk River valley 
w*c a borily infected region. Aithoogfa the majonty of the camp dtea were 
cut from Ti^ic jungle the early air pbotograpbi ahow evidetce cf previoia 
deanng of aome amah areaa whi^ had aqba e qoenUy been covered with lecood 
growdi acrub The 22ad Chineae Dinaion moved into this area in October 
of 1943 for Jungle training poor to entenag comhet in Burma. A ihirp out 
break of the diaexae, efaaracter iaed by a rapid me and an etjoally rapid dedine, 
occurred between 29th November 1943 and 8th January 1944. There waa 
a total of atxty-ciK caaea m thn period. Since the records indicate that the 
cCriatoQ waa moved into the forward combat areas in ** early Jmhumtjt " it is 
poaalble that movement accounted for the abrupt terminatloo of the 
outbreak. 

The 14lh Chmeac Dndsioo entered this same area m April of 1944 Two 
of the three regiments moved forward to combat m July while Divuion Hcad- 
guartaa, one regiment and some rmsceDancoas troopa, renamed in the area 
until the last wei of November when they m turn b^an to move into Bnrma 
While in the Narochik region ibe dinaion was undergoing combat and Jungle 
training Twenty-four eases of senib typhus occurred during the aHtoum 
months. 

TV twenty cases in April and May of 1945 were among tbe perscainel 
of a umt which establrsbed ita camp at the 21 mde mark on tbe arte of a ratwo 
dump whicfa was abandoned in December of 19R Large quanutiei of spoiled 
grams and other stores were left uncovered unUl early in 1945 when the area 
wan buBdcied, part of the refuse cov er e d with earth and part pushed over 
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ihc bank of the n\cr where some remained exposed The entire area wns 
hcaxilj infested watli rate and wlicn the firet cases of the disease appeared the 
site was abandoned. 

Three United States \rnn Units located in tlic central hill} area between 
the Tirap and the \amchik a-allc\s protaded an intercstmc; and important set 
of controls \ quartermaster Remount Depot at tlic 15 0 mile mark was 
established in the autumn of and remained continuous!} occupied It 
was immcdiatcU on the bank of the I'lrap Ri\cr and the terrain did not differ 
from that of the nearln Chinese \rm\ camps At the 15 5 mile mark there 
was a battalion of road engineers and an \nierican cncuation hospital was 
established in the autumn of 19-ld at the 1*^ mile mark close to the Namchik 
Riser There were no eases of the disease among the personnel of these units 
until the late summer of 1915 when one case occurred among the hospital 
complement in an indi\adiial who had been fishing along the ri\er 

Companson of the nctiiatics of the Chinese and Amcncan personnel and 
of the rcspectnc camps proiadcs interesting contrasts and similantics Dunng 
the period of the outbreak in the spring of 1945 the militan duties of the men 
in the different units did not \-ar} suffiaenth to be the cause of probable 
differences in degree of exposure to infection No training actnitics requiring 
work in the forest were in force, and there was little temptation to the U S 
soldiers to Ica\e the roads and beaten paths Swimming in the n\cr wais not 
common practice since all the U S installations were equipped with running 
water and adequate bathing facilities The Chinese, on the other hand, were 
accustomed to forage constanil} in the jungle for edible plants to supplement 
their rations The} bathed regularl} in the adjacent rners and were accustomed 
to dr}' their uniforms and other garments on the grass and bushes while bathing 
These facts, together with the almost universal practice of weanng shorts, 
provided frequent and maximal exposure to trombiculid mites 

A further difference lay in the camp sanitation Wfiile the actual tentage 
area of the Chinese units was immaculate, the surrounding brush and jungle 
was a mass of rubbish and food remnants Rats were present in large numbers 
in most of the camps but were also present in considerable numbers in the 
Amcncan camps where the cnvaronmcntal sanitation and rubbish disposal 
were much better earned out Differences in the rat and mite populations did 
not seem sufficient to explain the strikingly different incidence of the disease 
Neither the rodent population, the sanitation, nor the foraging in the jungle 
is sufficient to account for the markedly greater number of eases in 1945 coming 
from the 12 0 and the 12 4 mile mark camps in contrast to those from the 
other camp sites These two adjacent areas differed from the others in one 
important respect, the presence of the small grassy area at the river’s edge 
which was used for bathing and the w'ashing of clothing It is probable that 
soldiers from both camps used this bathing area in preference to others This 
area on investigation was found to be heavily infested with Trombicuhdae 
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imtuiuiciHi ntEin (tma i ~ mua ) 

GtncnUjr tpctbng the rim bank* at the other ounpe were tteep end mUttut 
fTiu-oovered flati adjacent to the water edge. 

The high caa® incidence In 1M3 and 1944 at the 20 to 23 irule maitj In 
the Namdrik VaDey nmrt be attributed to opeiatictDal acthritiea, aincc tltf 
troop* itationed there at that time were undergoing intcnaiTe trainnig m 
preparation for combat. The*e figurca, therefore wink of interest in connecticai 
with the endemraty arc not rekrant to the bddeoce figure* in the tpnag of 
1945 They proTide important endence, howerer of the period through 
which the mfeetjon may peruat and remain a hazard to mam and •upport the 
then* that once the diaeose m*ie* ita appearance the terrain concerned ibould 
be held »u»p«ct for at ka»t a year 

A* wt* the case in 1W3 the ferminatioo of the 1945 outbreak coinaded 
with the rapid dlqiatch of the amta to China. This eracuanoa of the endemic 
area* is almoat certainly the ezptanarioa for the rapid sabaideoce of the disease 
since recommended precaunoiury meaatirea were not earned out effectirely 

VECTOaS SND RBDOlTOatl, 

InTestlgabOQj mto the epidoniology of acrub typbna m Assam and Burma 
were handicapped at tbo itan by lack of InfonntKci coneenung the specie* of 
trombtcuOd m te* indigenous to the regwo. This entailed an extensire 
taxonomic stndy before erahmioQ of poaaibk tectora of the disease could be 
oodertaken. These studies were emdaeted contiouonsly from Korember 
1914, to Norember 1915 Thirteen genen of trombicohd mites were 
identified, four of which are new and undestnbed. Prehmloary studies 
mdkate that forty fire new species are included within these thirteen genera. 
It n of interest that scrub itch la not known in this region. Boot coQectioo 
prored to be an 'nfff ei' i ire technique for obtaming saropka of imtes and for the 
most part it was necessary to icco v er them &ora their natmal hosts. 

IhT>ioas workers on an epideauotogical basts hid incriminated 7* iriirxnr 
^akh (syn. T atlab Womersky and Heashp J943) as the vector of scrub 
typhta m Sumatra and Malaya. In the present studies this mite tm found 
to be the commonest tpeacs daring the mocth* from May to Noretaber In 
areas in Assam and Burma where soub typhns cases were known to have 
originated, and tboogh difficult to find in certain areas, it was found in other* 
throughout the year Therefore, it seemed anpentiTB to attempt isolstioo of 
straun of Jt vnrnttbs from this tpeacs in Assam and Burma. 

Because of the high degree of swcrptibiTity of the gerbille to infecdoo 
byA.oneaUhT it ms decided tontetfantnimalforpnmaryisotationa. Adeqostc 
number* of <7rri*2?af gtrhiUms and G pyramAtm wers nude arallabk through 
the co-operauon of the Field Hcidquarten of the U 8 of Amenca Typhus 
CommiatioQ in Cairo. The following methods were used for the reco -ery 
of the nckettaiae from milt* and mammats. Paired e ip enments were con- 
ducted In many instance*. Mhes taken from trapped rat* or shrews, after 
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of the CTudatc to two gcrbillcs confirmed the obscr\'ation This experiment, 
therefore, demonstrates tint transo\anaI transmission of Rickettsia orient alts 
occurs m Troinbtaila deltensis, and that this species of mitc transmits the 
infection dunng feeding 

Further cndencc was obtained in the course of experiments designed to 
inacstigatc the possibiIit\ that incomplctelj engorged mites maN, under certain 
conditions, detach from the initial host and rc-attach to another The ear of 
a trapped wald rodent wath man\ mites attached was rcmo\ed and placed in a 
vial for 24 hours At the end of this period, manj partially engorged larvae 
were found free in the \aal When removed and inserted into the ear of a 
white rat some promptlj re-attached In the course of four such experiments 
conducted wath larvae of T deltensis, the animal subsequently became infected 
and the charactenstic rickettsiac were demonstrated 

Much more difficult} was encountered in the isolation of the nckettsiae 
from mammalian hosts and the number of recovenes was much smaller Only 
two speaes of mammals were found to be infected, the Yunnan buff-breasted 
rat, Rattus flavipectus pinnancnsts (Anderson) in the Ledo Assam area, and 
the Assamese tree shrew, Tttpata belangcrt xersurac Thomas in the Myitkyina 
region R f ytinnanensts was the pnncipal species of wald rat found in Assam 
and was frequentl} trapped in Burma In the latter region Rattus concolor 
cottcolor Bl}th, the little Burmese rat, was found to be abundant in and around 
the native vallages However, it was rarclv infested with mites and nckettsiae 
could not be recovered from it Consequently, it is of doubtful importance 
in the epidemiolog} of the disease Rattus rattus sladcnt (Anderson), Sladen’s 
roof rat, was likewase found to be common and widely distnbuted in the 
Myitkyina region, both in the field and about buildings It was frequently 
infested wath T deltensis and three strains of R orientalis were recovered from 
mites removed from this host Although nckettsiae were not isolated from 
R r sladent, the number of animals examined was too small to be significant 

The exposure of experimental animals in nature, both the common labora- 
tory white rat and the gcrbille, was found to be a useful procedure m the exact 
localization of foci of infected mites Three strains of R oricntahs were obtained 
by this technique in the investigations of the camps along the Stilvvcll Road, 
and one strain in the Myitkyina region A pen measuring approximately 
10 X 10 feet square was made by inserting iron sheets on edge into the top 
soil and the animals were released in the enclosure where they were permitted 
to remain for periods of sev'eral hours Strains were recovered from three 
of the white rats, from the pooled tissues of four gerbilles, and from a lot of 
mites collected from a fourth white rat 

Natural Hosts of Trombtcttla deltensis in Assam and Burma 

T deltensis was found to attach in naturp to a variety of avian and mam- 
malian hosts in addition to man (Table VIII ) It was not practicable to 
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indicated by nckettsial isolation expenments, and the rodent infection rate 
similarly determined Evaluation of these data is arbitranly expressed as the 
“ Established Endemicity ” (Table IX ) 

The evidence already presented renders it inadvisable to consider the 
mfection to be absent from any of the areas studied , therefore the camp at 


Tabi-e CC 

' ESTABLISHED ENDEMICITY ” OF SCRUB TYPHUS ALONG THE STILWELL ROAD 





Mite strains 

Rodent strains 

“ Estab- 
lished 
Endemi- 
city ” 

Area 

Organization 

1 

Attack 
rate • 

No 

at- 

tempts 

No 

posi- 

me 

% 

posi- 

tive 

No 

at- 

tempts 

No 

posi- 

tive 

% 

posi- 

tive 

16 6 mile 
mark 

362 Eng Bn 

0 

20 

0 

0 

20 

0 

0 

Endemic ? 

15 0 mile 
mark 

698 QM Re- 
mount 

0 

18 

■ 

6 

20 

0 

0 

Endemic 

4 6 mile 
mark 

6th Motor 
Regiment, 
Chinese 

0 

12 

1 

16 

12 

0 

0 

Endemic 

22 mile 
mark 

5th FA, 

Chmese 

46 

11 


27 

11 

0 

0 

Hvper- 
endemic ? 

16 mile 
mark 

Garbage 

dump 

No 

troops 

13 


16 

18 

1 

6 + 

Hyper- 
endemic ? 

19 mile 
mark 

14th Evac 

Hospital 

0 

4 

B 

26 

11 

1 

9 

Hyper- 
endemic ? 

12 mile 
ntaric 

12th FA 

Ist Tank Bn , 
Chinese 

98 

674 

6 

4 

66 

10 

0 

0 

Hyper- 

endemic 

12 4 mile 
mark 

3rd Tank Bn , 
Chmese 

600 

29 

10 

34 

23 

1 

4 

Hyper- 

endemic 

21 mile 
mark 

1st Motor 
Regiment, 
Chmese 

1,040, 

then 

aban- 

doned 

40 

17 

42 

41 

6 

12 6 

Hyper- 

cndemic 


1,000 X cases X 62 x 4 

• Four-Weekly attack rate per 1,000 exposed per annum = 

strength X weeks exposure 


the 15 5 mile mark is listed as questionably endemic despite the absence of 
chnical cases or mite or rodent strains of nckettsiae The 4 6 mile mark is 
considered to be an endemic area in view of the recovery of the infectious 
agent from 15 per cent of the mite lots tested although it was not recovered 
from rats and no human cases were ascnbed to it Similarly the high mite 
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tnd rodent r»tc» it the 19 mile nark orer wejht the low humtn inddcoce, 
one CMC, tnd itrongff toggiat hypereodemfatj In rirtr of the 4-wce% 
■ttick rite of 600 tnd 1 CWO per thooMod per anmim, the mite infectioa per 
centige* of 10 per cent, md 17 per ccnt^ tnd the rodent Infection percenttge* 
of 4 per cent, tnd 12-5 per cent, retpccbrelf it t eemt rettootblo to tinaij 
the 12*4 tnd the 21 mile mirks st bjpemideniic irett. 

In Ttble \ the perceottge of T dtStMsa found m the mite coHectJont u 
contmted with the trhitr«rily exprened Ectibhthcd Endemlcrty ** It fa 
•een thit there w t rcugh ptriheictin between the prerilciice of thk mite *Tvt 
the pretence of prored infecdotL In the three treu which gtre nte to the 
Itrgett numbert of homto cttei tnd which tre littcd tt hTperendetnic, T d*Sam 
coQftltnted 60 per cent., 74 per cent., tnd 90 per cent. retpectjTdy of til the 
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mites sampled It is of course recogmzed that interpretations based only on 
the mite population are open to senous objection as a vahd index of the presence 
or absence ot the infection However, in the present state of information con- 
cermng the epidemiology of scrub typhus and its wide distnbution m Assam 
and Burma, a high incidence of T deltensts in a given area renders such an area 
highly suspect as a potential source of human disease (Table X ) 

Summary 

It IS difficult properly to evaluate the problem of seasonal incidence The 
peaks of the disease, with the exception of the one in January, 1945, roughly 
correspond to the beginning and the end of the monsoon These penods are 
also those in which T debensis was found in' greatest abundance The disease, 
however, was acquired m every month of the year These facts, together with 
the stnct relationship between incidence rates and the type of mihtary duty, 
strongly suggest that several factors participate in determining the epidemiology 
and that exposure of the mdividual to mite infestation, together with fluctuation 
of the T deltensts population, are obviously dominant factors 

The history of the disease in the vicinity of Ledo, Assam, and in the camps 
along the Stilwell Road emphasizes the shaip geographical localization of the 
mfection It again suggests that individual activity plays a determimng role 
and that exposure to and nsk of mfection vary directly with exposure to the 
vector mites The nsk of infection, however, can be nunimized if not 
ehminated by proper use of simple precautionary measures 

The abrupt termination of the outbreaks in 1943 and 1945 in this region 
coincided with the movement of the affected troops out of the areas concerned 
The persistence of the infection about individual camp sites indicates that an 
area in which the disease has occurred remains hazardous for at least a year 
No evidence was obtained to indicate that the risk of infection is consist- 
ently associated with a particular type of terrain 

R ortentahs was recovered from fifty-three lots of trombiculid mites by 
animal inoculation The larval mites were obtained from trapped rats or shrews 
taken m their natural habitat With one exception, T deltensts constituted 
from 36 per cent to 100 per cent of the samples reserved from each lot for 
identification and in no mstance were the nckettsiae isolated from lots of mites 
in which T deltensts was absent This species of imte was shown to attach to 
man under field conditions When laboratory reared larvae, obtained in culture 
from adult female T deltensts taken in the field, were allowed to attach to and 
feed upon a laboratory ammal, the animal died on the 20th day and R ortentahs 
was recovered from the peritoneal and pleural exudates This expenment 
demonstrates conclusively that transov^nal transmission occurs m this rmte 
These facts, therefore, demonstrate that T deltensts is the important vector of 
the disease in the Ledo area of Assam and Upper Burma 
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The rough foimd betwe en the tihitrmrflj’ erp retted “ £*tah- 

hthed Rnd e m i n ty ” bated upon boman c»tc madence tnd the r e co Tcry ol 
mite tod rodent ttrauu of R. onrntabM on the one hind, ind the prertJencc of 
T ithgmm on the other luggeu ihil the rclitiTe ibondinee of llu* nate In 
my tret nuy pronde in tpproxmtttc index of the hmrd of infec ti on. 

It a geneiilly itited thit rodent! conctitins the retenroir of mfecnoa 
howerer nnee trantortnil traramiidon bii been dcmoiatnted in T dthtnax, 
«um 1 nnee i rough pinDcEim hu been ihown to enn between the denwty 
of tha mhe tnd the prcTileoce of the daeste, it leemi logiaU to irgxrd the 
mite both ti in unponxnt rotenmir ind the eector 

The nomeroia nammtli tnd birds which T itiisnsxs Accepts tt ia mturtl 
boets pnmde an obnous rncchtniim for the datefflinition of the infected mitei. 

Although It has not been pooible to complete the Uudia of the large 
nnmben of mh ei collected tnd wble n may be ne cmi ry subseqoeotly to 
modify certtm of the data presented In thla commumcatKn especially with 
reference to tpcoei peroentagt the following statements and conclosioca seem 
warranted — 


Ccercusio'ts 

1 Tautfljgamuahr dtaeaae (aerob typhm) is widely distnbuted In tbe 
L«do area of A warn end in Upper Bonnt. 

2. TrombumU iAraa Walefa was ahown to attach to nan under nitnrtl 
field conditioaa. 

3 It wia ahowti that TramhtaHa dtb*niu Walch tranaemts JbekttUiM 
onmtttlis to rsscepcible experimental ammah donog feeding 

A TramhmUa aUwu tich la an imporunt vector of the dtaease in these 
treaa. No endence was obcaioed to incriminate any other tpeaes of mte. 

5 E xp er im ental proof was obtained of tiansoranal trananusskm of 
RitfutUta onmshs m TrovAietJa ddunns Walch. 

6 RmHus flmpfcttu ytaauounju (Anderson) the Yannan btiff breasted 
rat, tnd TmpmM Mgxfen ctmrat Tbomaa, the Aasamesc tret threw were the 
only TTummati found to be naturany infected with AcAattnt erttnl^Us 

7 There appeared to be no strict seasonal distribution of the disease 
m and ic may be acquired throngfaout the year 

8. The density of tbe TromhnJs dfiwtm ^ialch jjopuJation m any area 
may pronde m approximate index of the nsk of mfcctioo. 

9 Ternun in which cases of the diseaae bare occ or red remaioa hazardous 
for at least 1 year 
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DuaafiaN 

Dr KeoDdCh HelUnfay Itlaigreatpnvilr^forinetoopenthedlKaaioo 
thia rmun< on Colonel MAcadE** cxceedm^f iaterming popor I owe to 
much to the fcm iin c n tod co-operttion of the United Stttei TjTjhaa Cocn- 
mi faion I Jure enjoyed their hoapitiDty in Kew Comet, in Amenct, tod 
particoUrly from Ciikmei Macde* own unit m Buna*. Colonel Maoch h*4 
dccriy ahown what i fisc tod tuhttintn] contnbution hii commtwioo bx* 
made to oar knowledge of acrub typfana. Prevjoujly we depended mainly on 
thcoriea and aoppotitiana. We hid the retnlti of the ongmiJ Jipmeie inmo- 
gition*, and tli ocelient woik of my coUetgoe, Dr Lewthwatti (who we 
tU regret n not here thii eroung) and hit oo-workm in Mtltyt, bat we mainly 
depended on cinmmittntial cndence. Colontl MaCitlE ha abown ua that 
trtruortrlal trtnanuanoQ for mattocc bu been definitely ca tibE i hed , tnd that 
the mite vector hit been dctily tncmoinited. It may be that further work 
will make rt necentry to modify our Tjeon oa the tyitcroatici of the tromWcnlJd 



TOi?c< (.j'-n s’ ' *! . >i(S * uh <’uMirv uiU m^Iv Itr tn 'n^ts^r^ of 

s-i' NvjU 5 ^^ M i u -"i s! V sis'- ^^ O '! t irl Ml h S’- pus f<in irt! 

M r\pr',r ,<.t i ^ s-^iu > v t-l, \ I'S $5i<r c siu'c^ h >\\ liuw csfcJu! one 
rs I'* I tf'. *’ S' S'" . rtj’crn St- IS 1 su prst! i.4l 

p'l l»’m 1 ’{'•'(■'* J . r r *n ■" ^'U'" i < \ i' l'> \ liriii'-r nuir's 

rfi S *3vr n'HT' ' 4 *; * uii' r\c* ’/• 4' 1 'i t • 4tn'’icr I Jui’' if i r4S 
t itr «n! \r’t if r ' ' i i,i! o* u u ‘rup, nhst h'Sjip'' i S') ihr tnites 

f>n I \ 5 1 'i h-i '• r 4* s A<- it, t S fi it\ s > r i^' <• 'Urm s » srm Su^u msu tnmph';’ 

1 5 i\c >1 1 '’lA' ’] r\ t" v'lr tins ih''s A ill ! >ul lur i 

nc- },’' T’, A- -rM'' .r,! 'r • u liS mi-itt t’iS A A?i r..’ mrA ire in A cutip 

uc ! \ 1 \'r I- (,•! r» 5^1- , r tl r t'.i i r' ' 'ii’> '\p!un 

O') se "a! 'h-C-*' '1 < 1 ' ^ ii*rA>* bAtn’icin' C'lVc'r.l amiH Imitiirnl cif 
P'a'vaH n* 5 n Sr- Im - ve-r { ’ it t^r to, r.lirr aaisIv li\r. umn- 

fr /-il t-'i N" n ir M 'r ' S^ 'il a ’uOmS 'hf '■^•> 11 ’ utnm il \l lir*-! 
Ai> •cf-!'-’ r ^ ' 1 * r ('"tl ' S'* ’i ‘ s’lA' t' pp''' I A' \ (Viilit iifi! br A tbnijCr, 

bu* n {?-’ i' i i)i s 15 t-Ap'-ir 'U 5’i'»fr- u*- lit 'in'-., tbr Im.l nf mj 

f*''p3rsn'"n’ }u* ) 1 ' r*'Ai (i-i-iA It I * re 'v* su '!u' ‘^'icirt slir iinpursmcc 

of A’dd'itr tl,' rxAt. •■Tinp'-'-'turr n<5 K itii »'m t> uIikIi in'rcS'i irul other 

tii't'A!" c-f' Aup a'tl.' ); sre ' |bjrc*<- \ In she ripe imr il pi t inriUmtlcd 
sl ' I .rnubi' va' I'-u [ t'"-*’ ^ m'" o’hrr cn*. it.i'M'urA Mtiulir so tho'c 

f'c-tto irj b' ( n’ i'kI M'iMI, It pr*)Ar.5 p> ‘tblc ti po mi'c t'l rr Attich tn 

cnn» (Icrs’t’r nurnbc' , md 'In'r "t n. , <1 tlonb 'Int biiUv nm inti>nt 
rr'-." re' inifti r'* incc 'c t I'hr' tlnn iVereA >- she ilanpcr 

O>bn0 M>,< , ti ha o ;l 11 referred S*' C'> isml tuei urc , but hn oim- 

m •‘lo'i Ip'' rmdr co'PKlr'ddr pr^rre in thi initicr ‘'-oiiic e\rrl!rtu wnrf 

m the ‘anie tubjcc' In a!") ln-cii dme In she \ii .fuliAii forec'', pnsiciilArh 
In M ijor ^I'Cs^'Klt 5 he innhod of prnsrcsitip our men m Soiiih-! a^s 
\ eia Apiin • mite\ and aub s , phu' v a-v In'cd on Mi Ct 1 1 oi ii'e uorh, niui the 
srAimrii rdm 1 till no \ 'ho\ demon) SfAS'-'. hn incthnd In she film a\c me 
dihuSAl pIisIiAhir , li’rr A\orI iuj>, cS' tint brrPAl l>cn''OAtc inA\ he cren 
better IntidcniAll, shtA filtn a a' mtcndcil for n li\ nudtrncc hm itiaa he of 
•ornc iiiterr t tfunpiis tn c\pl-’tniin’ she scchniniir of tn tniction 

T lie film, " Hu I’rtAcntion of Scrub 'Ijphm,' a\aa then sliown 

S yofnt- — Ou' film ' a' intt-tulrd iti explon to the Ann) m S I A'ln ju«t uhnt 
icruh I'phii' ft h'm it n co itrAdcil Bml li*f\ infr<tn>!A inn) lie n'liidrd It aaaa felt thnt 
m uniler-tAndin^ o' ihr pfoMrtn \\>ntl<l irdiicr the ‘npulcn " of the tlisen'C, nnd hr 
ro(Kl for rnonlr 

Mir)'ip*Ki!ti„rAphA of hvini rromhiailn drUrnm 'hou h'n the infritoe mile rertchen 
man end iprcAdi ihe <Ifci e Dihuiil phthniAte n nhown to he Iclhnl to tnuen, nlneh 
O'c hilhd nlien lh'> a aU mrr iiupiri'nnted cloth A 'ttnple trchnuiuc h) Ashicli men 
in foeiAird arcp, wuh no tprciAl ejpiipmrni uin IrrAt ilnir i AnnentA to rnnhe them mile- 
proof n then nhoAwi 

T i o ounrr-i of dthiu\l phtlinhte ( DDl* ’ ) ii nufTicirot to ircit tuo nets of tropical 
uniform (hloii'c, trou m, undrrcloiheA rod n etc) 1 ach tnnn ia PAued A'lth the lluid 
A'hich he mtAm on to hi-, i innenin He dips Iiia finRcrA into the fluid, ruhn Iha hnndn 
hj htl) tofclhcr, and to ohtniOA n thin la)cr o\cr hb palmA and flnRcri Die hands arc 
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wlp«i am doth, wbfch h tlra 1x 1 e tl with the DBP Eipeneoc* hti rfwwn 
jtm bow nuoiy humti jir« needed t eorcr eecfa (umeot ecomnktllx nd 
— L* n wnewi per eoct, thirty fot the tmuen, etc. 

FnuQy the wcy in «hkh DBP reeste op to eitht wuhee n coU wetes, «edii)( 
throueh rmn, beery rain, etc-, ii indiceted. 

Tbe film wn p rod u ced by the D lt e oo r el f Airsy Kmeawtr^Tv^iy md (hem 
to tfa Society by the Uodnee* f th Wat CN£ce end the Atmy Koctne Cofpcntkn. It 
wes made at tbe icquot of tbe Directo of Medical Sen teca ai^ of the Medkal AdriMry 
DtmoQ, H Q Supreme AUjtd Cotmaetder 6X. Atia. actme on the adnee of the Medial 
Reeeatch Coonol Scrub Typhu* rrmiiiilwiiei Tbe orixmal acript waa ^ r toe u by Dr 
KocoTB MiLUxmr «bo eup erdaed the oM of tbe pro^ictMo. 

ColODCl H E ffbortt In the flnt place I would Lke to coDgratukte 
Colcnel Micxtb on tbe cxceetCnglf altercating paper be has giren ua. It wn 
eapecxaHy intcfea ti ng to mjadf boauae I haro a fairly intunate knowledp of 
pncticalij tbe wbole of the groond which Colonel blACCTE dealt with. I am 
Dot talking of the gr o un d merely m the acnae of the aubject matter of bn dca- 
courae but actually of the ground In ita nteral acme, aa corere d on “ flat feet,” 
which la the way I did it I flrat b e cam e intemted in the subject of typhus 
many yean ago I think I saw my fint case in Indu about 1912, and did not 
thmk much more about it untD IfiCM *35 and 38, when I aaw a good many 
of the caaea whkb hare been described from tbe hilJa, the l ow er hdb of thi 
H iuialiju . Whether tbe diaeaae I taw there u exactly the same aa that whkb 
u the subject of Cokmel Macxjc’s p a p e r I «k> oot know but >i would appear 
to be eery much of the sene type, and probably the vector there u tbe sane. 
About dtk cone I collected all acemntain the htenturevUchhaa been published 
of this disease in India, cod at that time they enounted to aomething like 170 
known caaes of the diseaac Theac were acattcred all over India. There were 
one or two interesting points Cotonel Mackii has mentioned. One was that 
tbere is no aeasonal vanatioo m tbe disease in the region which be was dealing 
with but when ooe camg to analyae the 170 cases ra India which I have already 
alluded to one mte i e atin g fact was that tbe cases which occurred m the plains 
areas m India were nearly til thote which occurred m the cold weather roootha, 
wbercaa tbe m the hi Its nearly atwaya occurred n the bot-veather months. 
The rtaaoc for thia I dcai t know but it may be again purely a coinadcnce 
bccanae durmg the hot weather months the troops were m la^ numbers in 
the hills, and tbit tbe majonty of cases were amongst troop* thus it msy 
not bare br»"n a seasonal ranadoo at all. but merely a coinadai« owing to tbe 
drstribotioo of the troop* at tbe»e particular times. After learmg Kasiuli, 
tbe next place I went to was Madras I knew case* had occurred m the jungle 
areas here, and it struck me that it would be intere»ng to see whst the 
distiibaticai was. There were only cleren or twehe case* recorded, but m the 
Institute where I was working we had very large numbci* of blood spedmoi* 
tent in for the diagnosis of the entenc group by the \Vidil test Many of the 
reiults were negadre, and it struck mo that it would be a good idea to take 
the negadre speomens and teat them by the Weil-Felix retedoo We tested 
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438 bloods which were negative to the ordinary Widal test for the enteric 
group For the Weil-Fehx reaction we took a titre of 1 200 as positive This 
we decided on after testing about 200 normal cases, in none of which did we 
get a titre higher than 1 50, and that only in five cases We therefore con- 
sidered a titre of 1 200 a safe limit There were sixty-five cases which gave 
a positive Wed-Fehx reaction Of these forty-two were of 0X19 type, sixteen 
of OXK type, and seven of 0X2 type I would like Colonel Mackie to teU us 
what the types he was deahng with were I know the chief type was OXK, 
but were there any other types prevalent in the area with which he dealt ? 
His work I know was chiefly with the United States troops, but there were a 
large number of other personnel working m this very area, the Ledo Road 
— Assamese coolies and porters from various hill tribes They must have 
numbered, I thmk, almost as many individuals as the Umted States troops in 
this area I was personally responsible for the health of these labour corps 
There was a very large hospital under my admimstrative supervision at 
Lekhapani with an Amencan officer m charge I don’t know whether Colonel 
Mackie has any records of these people, but it would be mterestmg to know 
if they were equally affected, because they worked very closely with the liroops 
along the same tracks, and were subject throughout the whole area he has dealt 
with to the same conditions as the United States troops There was another 
group of people who also went along these ’tracks I am talking of 1942, before 
there was any Ledo Road, when the whole country was traversed only by 
one or two tracks used by Nagas, and even these Nagas were very scanty in that 
country I refer to the refugees from Burma fleeing from the Japanese under 
the conditions of the most awful refugees road in the world These refugees 
came along tracks which were seas of mud Some, incredible as it may sound, 
were drowned m the mud, and when the labour corps I have referred to were 
sent along these tracks we had to put what had been pnmitive hill tnbes into 
trousers to save them from the bites of insects, because when these bites were 
scratched they caused sores and ulcers , and into boots, because otherwise 
they cut their feet on the bones of the refugees m the lowest parts of the tracks 
These refugees came from Myitkyina to Ledo, a distance of 130 miles, exposed 
to inconceivably severe conditions the whole way, and were in some cases 
5 or 6 months on the road These people, if any, should have been infected 
ivith scrub typhus We have Dr Lapping here with us tonight, one of those 
chiefly responsible for the care of these people when they reached Assam, 
and I will quote from a report I wrote on the exodus of refugees from Burma 
in which I have acknov ledged his valuable work In his report to me he saj b 
“T here ha\e been several cases of what is best termed clinical typhus, I 
have not had a positive Weil-Feli\, but hav^e little doubt that thej were ty'phus 
The infection must he outside the agglutinating range of OXK, 0X19 and 
0X2 I would like to hear whether Dr Mackie has any information about 
the possible incidence of typhus among these people who were exposed to 
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For pf*ctic*i piirpo«» ooly liie one di*ca« wt» met— tcrob typ 
(aattugtmuhi ferer)-^* ijglutuiation of OXK rapenMn*. Before 
recent ^r*r tht» <li*a*« b«i no* ■ imbmy probian- Outbreika begii 
occur tmoog troop* in Bunn* *nd Ea*tern Indi* from Scpiembcr 1941 w 
orer 100 c«*e» were reported wuth of Mmdiliy Tbu wt$ one of the ad 
cmnple* of » " unit otrtbrexk ” which became *ucb » coromoo featnre of 
war m the Far F— ^ There followed the retreat from Burma m the tummei 
IWa and the dacaae w« hardly beard of ajiin andl the folknnof aufu 
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when sixteen cisc*? occurred in t unit ■^ntioned in Calcutta In 1943, troop=: 
hepan to concentrate in Castem India for the impending operations to rccoacr 
Burma 

Graph 1 <;ho\\s the actual admissions ba months of casts of scrub taphus 
m 1943 from Castern Arma and for the follow ing a car, 1944, aahen Lastem 
\rma became the 14th Arma It is noted that there appears to be a axra 
marled season il change A feaa sporadic cases occurred during the carla 
months of 1*^143, hut the disease did not assume serious proportions until the 
autumn aahen a number of cises occurred, mainla m Bengal and on tiic Indo- 
Biimia harder m the neighbourhood of Imphal 

lilt peak a tar aaas 1944, aahen 4,00f) eases occurred aa uh some 15U death* 
Gnph 1 shows a aera abrupt seasonal change The majoriia of these cises 
occurred south-east of Imphal m the Ivabaaa a-allea, that is some h)i) miles 
south wist of the urea referred to ha Colonel MacKiE. 

In 194‘5 a\e again sau an oatnahehnmg preponderance of cases m ihe 
monsoon and post-monsoon seasons (Set Graph 2 aahicli shows the number 
of -'dniis ions to hospital per 1 (t09 in 1941 and 1943 respcctiatla ) 
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occurred in the lutumn of 1&43 ThI* cooccmed tome oihtj cues troand 
Mcndalay 

When one tnet to co r r eli te the mCKkncc of ecrub typhni in South-Eut 
Asa — I me»n pmninly the In<lo*Burnu border — with the concurrent opers- 
trans, the cmiible ditt are not perfaipa aufficienc for of to do to as accomdy 
a* Cokaicl Macxh has done. But generally speaking one can ny the opera- 
Qonal season was esaentuOy the dry weather — that u the first half of the year 
That, after all, was the rirr^ when operadons were more practicable. In 1943 
they were mainly confined to patrol actindes on the Cmtial Front but m 

1944 and 1945 some of the hearicst fighong took place during the first half of 
the year 

It was m March, 1944 that three dhinons fought their way back to the 
Impbal Pkm along tracks where before and Knee large numbers of cues d 
typhus bare occurred, yet the ihddence at thu time it seen to be negbgible 
(see Graph 2). Nor did it begin to nse until troops mored out of lrwp>ral 
over these rery same tracks after the laege was raised the following May In 

1945 Ttry heavy fighting was taking place during February and hlirch m 
Central and Sculh^ Burma when our titNjpa were advancing on Mandalay 
The racsdence of typhus u agam seen to be low but m the Utter part of the 
year it rose s teeply 

It was difficult to rroid the onduskai that the marked change m climate 
which ocean m Burma was one of the factors that influenced the number 
of eases and we came to regard the second half of the year u the typhus season 
as oppoaed to the first half which was known as the ** shooting seaaocL 

I am rery sony that Dr LewTHWAnr and Ljeut Colonel Airur of the 
scrub typhus reseat teams set up in South-East Asia Cotmoand, are not 
here toiught to add to the hare outfine I bare given. 

Brlgadlsr N HtmlltOD Fllrtey Mr President, ladies and gentlemen, I 
had the prlnlcge of rtshing Dr Mackie a experimental typhus mmioD st 
Myitkyma one could not fail to be impressed with the scope and detailed 
nature of the mvestigatiatvs being undertaken there It haa been very fifinjting 
to listen to the ckar-cut conclusions which hare followed from this work, and 
I tkmk there can be no doubt wfastever to snyones nund that TnmUodm 
dtbfmsu IS the rector m this regwm Dr Millakby referred to researches 
with dibutyl and dimethyl phthidace os s lami mitiddc n the Australiaa 
military farces The first danoostration of the cfi’ccti eness of dimethyl 
phtlolate against mites was made m the United States The Orlando group 
of entomologists showed that dimethyl phthalate was the best pnitectiTe there 
was tgamst mites they also showed that it was a rery efiectire repcUoit as 
far as cubone mosqmtoes were coacemed. Dibutyl phthsbte, on the other 
hand, had been found to be a less sstisfactofy mosqmto repellant than dimethyl- 
phthalate by these obserTtia, but no data regarding its effcclireness against 
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mites were available When I w'as there with Dr Adrien Albert m September, 

1942, these Orlando results were made available to us, and knowing that we 
had no efficient mosquito repellent and that w'e had to face the two problems 
of malana and scrub typhus in the South-West Pacific, we immediately cabled 
the Director General of Medical Services advising that dimethyl phthalate 
should be manufactured in Australia and adopted in the armed forces 

About this time Australian Army entomologists commenced their investi- 
gations on these two substances The effectiveness of dimethyl phthalate as 
a mosquito repellent w’as confirmed and its value against the Austrahan and 
New' Guinea anophelinc vectors of malaria clearly demonstrated McCulloch 
investigated the action of both dimethyl and dibutyl phthalate against larval 
mites, and found them both equally effective miticides He also conclusively 
demonstrated that dibutyl phthalate was better retained in clothing than 
dimethyl phthalate, persisting up to as many as seven washings In Australia 
large-scale manufacture of dimethyl phthalate was commenced in January, 

1943, that of dibutyl phthalate some months later The Hirge-scale use of these 
products was adopted by the Austrahan rmlitary forces in 1943, and their 
expenence was much greater than that obtaining in either British or U S A 
troops, since neither of these phthalates was employed by them in the field 
until a much later date There can be little doubt that where it was effectively 
applied in the manner shown in the excellent film prepared by Dr Mellanby 
dibutyl phthalate proved exceedingly efficacious in preventing mite typhus in 
jungle warfare 

Dr A Felix said the report presented by Colonel Mackie contained a 
number of observations of interest to the “ specialist,” but he would comment 
on only tivo points that are of immediate practical importance to all who have 
come into contact with the disease or may have to do so in the future The 
first point IS the question of seasonal distribution Before the outbreak of the 
last war it was known that tsutsugamushi m Japan had a defimte seasonal inci- 
dence The disease used to be called Japanese nver-fever or flood-fever It 
was known that with the cessation of the flooding the areas that had been 
inundated became infested with mice which had fled before the waters, and 
that the mice were mite infested In Malaya, on the other hand, the disease 
occurred throughout the year, as was clearly shown by Fletcher and 
Lewthwaite, whose observations covered a period of more than 15 years 
The investigations on typhus of the OXK type in India, which were sum- 
manzed by Boyd m 1935, were not extensive enough to allow of any definite 
conclusion Now Colonel Mackie and his colleagues report that the incidence 
of the disease among the American and Chmese troops operating on the Burma 
front was not truly seasonal, whereas the figures from the British Army in 
Burma indicate a defimte seasonal distribution related to the monsoon Colonel 
Mackie considered the data specified in his Table V as being of particular 
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occurred in the autumn of 1943 Thi* coocemed aome euhty casea anrand 
Mandalay 

When one tne* to correlate the madence of aemb typhoa in 3<JDth F—t 
Ata — I mean pnmanly the Indo-Bunm border — with the concurrent open 
trana, the avaJable data are not perfa a pa anffiaent for na to do ao ta accoraidy 
aj Cokmel Macoe haa done. But goierall^ apeaking one can tsj the open* 
tional aeaaon was raamtiaPy the dry weather — that la the fim half of the year 
That, after aH, was the nme when operanona were more practicable. In 190 
they were mamly confined to patrol tcQvitiea on the Central Front, bat in 
19^ and 1945 aome of the beaneat figfaung took pbee during the first half of 
the year 

It waa m March, 1944 that three diTiasoos fought their way back to the 
Jmpbal Flam along tracks where before and since large nomben of cases of 
typhus hare occurred, yet the ihcidcoce at this ume ii aeen to be oegOgihle 
(see Graph 2). Nor did it begin to nae until troops moved out of Imphal 
over these very tame tracks after the oege was rsiacd the following May In 
1945 very heavy fighting was aJcfaig place during February and March la 
CentraJ and Southern Burma when our troops were advancing on Mandalay 
The madence of typhus la again seen to be low but in the latter part of the 
year it rose Reeply 

It was diSoih to avoid the ooochiaion that the marked change m cQnuie 
which occurs in Burma was one of the factors that lufiuesced the number 
of esses arid we came to regard the second half of the year as the typhus soaoe 
u o ppos ed to the fim half which was knem u the sbooting season.'' 

I am very sorry that Dr LwnnwAm and LicuL*CoIonri Atot of the 
scrub typhus research teams act up m South-East Am Command, are not 
here tonight to add to the bare outbne I have given. 

Brlgadter H Hamilton Fairley Mr Prendent, bdics and gentlemen, I 
had the pnvilege of naicing Dr Mackh'i experimental typhus miaaioo at 
Myitkyint one could not fall to be impressed with the scope and detailed 
nature of the mvestigatlonB bemg andertaken there. It has be en very fsscmiting 
to bsten to the clear-cut conciusiCRis which have followed from tlna work, and 
1 there esn be do doubt whatever m anyooea aand that Tnmle^aU 

dehorns u the l ector m this region. Dr Mellawit referred to researches 
with dibutyl and dimethyl phthalatc as a larval nutiade in the Auatralon 
miBtary forces The fii« demoastratwn of the effeemeness of dimethyl- 
phthabte agmnft mites was made n the Umted States. The Orlando group 
of eotomologifts showed that dimethyl phthalate was the best protecove there 
was agamst mites they also showed that it was a very effective repeOent as 
[at as cuBcine mosqmtoes were concerned Dibutyl phthalate, on the other 
hand, had been foond to be a leM satufactory mosquito repellant than dimethyl 
phtb^tc by these observera, but no data regarding ts effec ti vene ss against 




Bgmficdce, becaiue they were denred from the hatono of t number of iTnp 
tite* winch were trader ob*emtkio for more * jetr The fijoret would 
perhtp* be more cooTraang if Colonel Macxh were In t poeuon to *tate 
not only the number of cue* in the mdividail atmp* bat aho the number of 
pcraaonel in occupation of each camp it the mitcrial tnne On the other 
hand the gnph ihiKra by Colood S\T£ti it based oc the total Incidence of 
the diteue ra the fintuh Army m Burma compruing many hoodreds of 
thouttnd* of troopa and a more detaikd analyta of these orcrall figures mi|ht 
possibiy show a somewhat different picture. 

Tlic other point of general interest b the experimental proof of 
transorarlal tranambnon of ncketotae in the mite and the members of the 
United State* of Amenca Typho* Commbsion are to be congratulated on thb 
adneTcment. The condudra that the nute i* to be regarded a* both the 
rect o r and an rmportont reaerrotr of the tnfectioa should, bo w erer not detract 
from the importance of the wiki rat u a reaervoir Thi*, of courae is a most 
important pomt in the choice of prcrcntiTc measure*, whether these shoold 
be directed tgamst the nine or againat the rat. An toalogoos reiancnship 
emsta between Teclor and reservoir in the case of Rocky Mountain spotted 
fever Hereditary tramnuaaiaci of nckctuiae has long been known m the tick, 
the vector of Ro^ Mountam spotted ferer Drrmheleaa, it u thought th« 
the mamtenasce of the mfeebon to oamre depends on the p r e aen ce of * suacep- 
tible tmma] which aema u a reaerrotr This new u held by Dr R. R. Pauzb, 
the ontstamfing tmhorrty oo Rocky Moontaio spotted fever whom I had the 
pnnJege of nsttmg recently at the Rocky Mountam Laboritofy in Hamilton 
Montana. According to Pamcek. iltbou^ a female nek lays several thousand 
egga, all of which may hatch, only a few individuals escape the many risks of 
Bfe to complete the foil cyde and pas* oo the nekrttiuc to the next generatiOQ. 
la the r>*^ of fcrvb typhus, Ir woold sfpear that aild rsts are an important 
reaerv'oir of the mfcction, if not the most important one. “ Anti tratc " 
measures bare been of great importance ndcr condiDons of active warfare, 
but in peace tone anti rat meawre* may poaaibiT prove to be of even 
greater value. 

Dr H H P dark Mr President, speaking a* one with a lEght knowledge 
of the ground c o v er ed I soggert that one expianauon of the conflicTing findings 
at to seasonal incidence Itea n raiymg cfimstK conditions The Ledo Rood 
could hardly afford a greater contrast to the and district f Burma south of 
Mandalay and east of the loma srsiershed and I suggest that the discrepancy 
might be resofved oo these fine* 

Dt C HoUln* I hare never been to Banna, and have never seen a case 
of tsatsufiraashi fever but I bate recently seed two epidemics of MP typhus 
in Nigeria, and I would Hkc to ask CeJooei Macm two quatuxit. These 
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epidemics \\ere transmitted by lice, and I would like to know whether he tried 
to transmit scrub typhus by lice ? Another thing is that I would like to hear 
something of the clinical side of the disease The cases that occurred in Nigeria 
were exactly like encephalitis lethargica, and I came to the conclusion that 
one of the quickest aids to diagnosis was spinal puncture Did Colonel Mackie 
find the same in tsutsugamushi fever ? 

Colonel Mackie (m reply) Since the pnmary mission of the India Burma 
Field Headquarters was limited to the epidemiology of scrub typhus relatively 
little attention w'as devoted to the climcal features of disease Such studies, 
howeter, were conducted by other groups, notably by members of the staff 
of the 20th General Hospital at Ledo, Assam, and have been reported elsew'here 
by them 

I regret that we have no information concerning the incidence of scrub 
typhus among the refugees reaching Ledo in the course of the evacuation of 
Burma In view' of the distnbution of the disease observed in the course of 
the subsequent military operations, one would anticipate that they must have 
suffered from the infection 

It IS abundantly etudent that there is no racial immunity to scrub typhus 
smce the infection w'as obsen'ed to occur in many of the peoples compnsing 
the Forces m South-East Asia A number of cases from the labour battalions 
working along the Stilwell Road were treated at the 94th Indian General 
Hospital in Ledo This same institution likewise reported several cases from 
the Kachin Rifles Specific information concerning its occurrence under 
ordinarj' conditions among the Kachin and Nagas was unobtainable This is 
not unexpected in view of the remoteness of their villages and the limited 
contact with Europeans and with occidental medicine It is of interest, like- 
wise, that Bntish officers and civilians long resident m Assam and Upper Burma 
before the w'ar were wholly unfamiliar with the disease and the belief was 
widespread that it was new to the area and introduced by the Japs Lack of 
a workable complement fixation techmque made it impossible to investigate 
possible specific immunity among the indigenous population, since a positive 
Weil-Felix reaction does not persist long into convalescence One is left with 
the impression that the troop concentration and the activities of the individual 
soldier created conditions peculiarly favourable to the disease 

It IS impossible to give a wholly satisfactory answer to the question con- 
cerning incidence of the various nckettsial diseases We were informed that 
during the early stages of the American participation considerable difficulty was 
experienced with the Weil-Fehx reaction because of lack of satisfactory antigens 
Subsequently when this had been corrected the diagnostic difficulties were 
largely resolved There remained, however, a small proportion of cases giving 
atypical serological reactions in the presence of a characteristic clinical picture 
In addition to scrub typhus, a number of cases of classical louse-bome typhus 
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occoTTcd m Chinwe troop* recently tntuponed from Cbru by nr Ow 
^dence does not mdiote tbtt other tnembCT of the nckcttsitl gnnp of ferns 
occorred m the *re>* under cooatdentKn. 

It is recognised tint the dgniEcmce of Tibic V Incidence of Scrub 
Typho* in Qnnese Army Ounp Site* tlong the StiTweD Road,** would be 
enhanced by cnumcntiOD of the population it rtsh and tbe adcubtioo of attich 
rates Senoos efforts 'wen made to obtain tiK nrrrsiirj bsne data. \VInie 
reasonably accurate figure* for unit streogths dimng the period of the oat 
breaJe m the ipring of 1&45 wer e obtamabie, tbe i cot iI * pmor to th« 
were grocaly incomplete. 

Tbe condosion wUch we reached from the studica of case incidence m 
the United State* and Chinese armies that ** there appeared to be no smet 
seasonal dlstributiQD of the disease in man and it may be acquired thioagboat 
the year is not in seriooa eonfikt with tbe definite seasonal Stoibiition 
obaerred m the 14th Army The significant obserradoos are, I bcGcre, tbit 
the dltease may be acqmrtd at any season and that the ictmty of the incfindutl 
11 an onpomnt factor determimng tbe magnitude of the haaard. The «rrnT 1 
aiie of the U S combat force m contraat to tbe atrength of the I4th Army 
tends to make atitrvQcal enmpanson niTaSil Such lack of eonffiet ii furtber 
npported by tbe evidence inenminatmg T dtismiu ta>>tb* vector and by tbe 
fining of this mite In greatest tbuDdance at the begtnniag and the eid of tbe 
monsoon season. 

Tbe mterpretaooo of transoMnsl tranagijaion of the nckettaise m 
T as nadicttiag that tbe mite most be regarded o a reaemar of infectMo 

tf not intended to exdude the cnpartxnce of rodent reservoir* Both must be 
cxmaidered in any progr am me for the control of scrub typhus. In areas where 
tbe disease b known to be endemic both anti rat campaigns and stnet indindud 
prophyims should be utilised if tbe disease madenee is to be kept at a mmimnm. 
As ha* been pointed out. tbe method of indmdoaJ protection againrt the mites 
so well shown by the British Army training film has been proved beyond 
question Scrub typhus disappeared from units m which this procedure was 
properly earned otrt. 
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THE DISTRIBUTION OF IMMUNITY TO YELLOW FEVER IN 
CENTRAL AND EAST AFRICA* 

BY 

A F MAHAFFY, 

K. C SMITHBURN, 
and 

T P HUGHES 

From the Yellow Fever Research Institute, Entebbe, Uganda t 


An investigation of the geographical distribution of immunity to yellow 
fever in man was begun by the International Health Division of The Rockefeller 
Foundation m 1931, and the results of a general survey in North, East and South 
Afnca were pubhshed by Sawyer and Whitman (1936) In that report the 

* All sera from Tanganyika Territory, as well as many of those from Uganda, the 
Belgian Congo, Kenya, the Anglo-Egyptian Sudan, Entrea and Somaha were collect^ 
by members of the Institute staff, who mcluded, m addition to the authors, Ur A W 
Burke and Dr H R Jacobs In this work we enjoyed the close co-operation and assist- 
ance of the medical and admimstrative authorities For the remainder of the collections 
we are mdebted to the Directors of Medical Services and their assistants m the temtones 
concerned For the preparation of the maps we are mdebted to Florence Smithburn 
In addition to the authors, Drs J H Paul, H R Jacobs and K Goodner, members 
of the Institute staff, partiapated m carrymg out the tests m the laboratory 

t This Institute is supported jomtly by the Medical Department of the Uganda 
Protectorate and the International Health Division of The Rockefeller Foundation 
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occurred m Chme*c troop* recently trtnsported from Chm* by txr Our 
frndaicc doe* cot mdicate tint other membm of the nckcttml group of ferm 
occurred in the area* under conudcratian. 

It u rccogniied that the tignificaoce of Table V Incidaice of Scrub 
Typho* in Chincae Army Camp Bitea along the Stihrell Roarh** would be 
enhanced by enomerttlan of the populaaon at nsk and the calcuhtion of 
rate*. Senous efforta were made to obtam the ncctasary btalc data. Whik 
reaaottably accurate figure* for unit atrenjtba dunng the period of the out 
breah in the spring of 1945 were obtainable, the reenrd* prior to that tnae 
were grossly inconiplete. 

The cocdutlon vMch we reached &om the studies of case Incidence in 
the United Statea and Chinese armies that “ there appeared to be no atnet 
seasonal dratributian of the disease in man and it may Ix acquired througbent 
the year ca not m serious ccm&ct with the defin te aeasonai distnbotxw 
obserred m the 14th Army The significant obscrratians are, I behere, that 
the disetse may be acquired at any scaaon and that the actinty of the individcial 
U an tmportant factor detenmmng the magmtude of the bazanL The tmall 
sue of the U S. combat force in cootiaat to the strength of the I4th Army 
tends to Tiuhe atatmical companson innCd Such lack of conflict is forther 
topported by the endence mcnmltMtnig T delumu aa^the vector and by the 
finefing of this mite m greatest abundann at the begnmmg and the ad of the 
nsonsoon sesaoa. 

The mterpretstioo of trtnaoranal uaniuu w i oo of the ncherttiK la 
T detunsxt u lodicatuig dwt the mite must be regarded as s r es er voir of infe c tion 
» not intended to exclude the Importance of rodat reserroira Both must be 
considered in any programme for the cnncrol of scrub typhus Ln areas where 
the disease is known to be endonic both anti rat campaigns and stnet mdhndual 
prophyUxTS should be utilucd if the diacese inadcnce is to be kept at a mmunum. 
As has been pomted out, the method of radindual protection againit the mite* 
so wcQ sboia by the Bntisb Army training film h» been proved beyond 
question Scrub typbu* disappeared from units in which this procedure wtj 
properly earned out. 
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An investigation of the geographical distnbution of immuiuty to yellow 
fever in man was begun by the International Health Division of The Rockefeller 
Foundation in 1931, and the results of a general survey in North, East and South 
Afnca were pubhshed by Sawyer and Whitman (1936) In that report the 

* All sera from Tanganyika Temtory, as well as many of those from Uganda, the 
Belgian Congo, Kenya, the Anglo-Egyptian Sudan, Entrea and Somaha were collected 
by members of the Institute st^, who mcluded, m addition to the authors. Dr A W 
Burke and Dr H R Jacobs In this work we enjoyed the close co-operation and assist- 
ance of the medical and administrative authorities For the remamder of the collections 
we are indebted to the Directors of Medical Services and their assistants in the temtones 
concerned For the preparation of the maps we are mdebted to Florence Smithburn 
In addition to the authors, Drs J H Paul, H R Jacobs and K Goodner, members 
of the Institute staff, participated in carrymg out the tests m the laboratory 

t This Institute is supported jomtly by the Medical Department of the Uganda 
Protectorate and the International Health Division of The Rockefeller Foundation 
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findinp of turvey* prenotuly carried out fa Wett Afric* were reriewed tod 
the fpproxifficte barcdirre* of the toatcnestd rocK of immomty to yeflow 
ferer were fadiated. 

Sfacc the evtibhdimcnt of the 1 dknr Fcttt Rescuch Institute m Entebbe 
the surrey of CcntiiJ tod East hfnet hts been inteimfied tnd ei t e nd ed ra tn 
attempt to d ei i r nit more teomtefy the looe where yellow ferer hts occurred. 
The study vu commenced in 1^7 and tO results obtained up to the end of 
1943 are included fa this report. During that penod 10^4 tert from resldceti 
of ten countnet were nrtmined. In tabahtnig the results all tests done it the 
Institute in Entebbe hsre been mefaded. although some of those with sen 
from Uganda, the Angfa^Egyptian Sudan and the Belgian Congo hare already 
been pubhshed (Kotc, 1941 FiKDLAT/fa/ 1941 HotatES ft ah, 1941 
Liraiou, 1944) 

In addition to the general surrey intensified ttuiSes were made tn 
restneted areas /or special purposes, n the tnres&gxbon of fatal cases of 
yellow ferer (Bondo and Tatoletiu in the Ccnigo Kitile and Langata in Kenya, 
and Tone fa the Sudan), and special mresttganoni fa epidemiology (Bwamhi, 
Uganda, and ^Vatalulgt, Congo). Resula of these studies are included with 
those of the general sarrey 

The mtrapefrtoocal protection test was employed throughout The 
methods used u the sera and ta the loterpretauon of the resalts were 

essentially the tame u those onguuUy described by Stwnx and Llotp (1931). 
A 20 per cent suapenston of nrus-oontainiDg mouse brain was empkr^ m 
the esrlitf testa, but this was bter reduced to 10 per cent, and bdcc the 
beginning of 1943 a 1 per cent tuspeoaion has been used. A satisfactory test 
in baby m’ee was used during the year 1943 for sen aradable in leas than 3 mL 
amounts. The technique of the test m baby mice as well u the eipenmental 
mdeoce which result^ id the adoptioo of the 1 per cent viros saspcniwo 
has been described by ooc of us (SinTHBum.r 1945). 

The results of t^ tests hare been tabulated by coontnes, and maps hare 
been prepared showmg the locslKm of the placet nduded m the survey (Tables 

1 to XI and Figs. 2 to 10) Sera wb*cb giro incondusire, tone or uzmtts/actofy 
results were chinmated and are not included in the tabulations. Places where 
immune persons were found are indioted on the maps by aohd ardea, whereas 
a blank cardc denotes absence of immunity Data concerning the number and 
•gc group of persona examined, as well u the numher and perce ntage d 
Immunct, are given m the ublea. Percentages are not shown where the number 
of piersoas eiamfaed was feat than ten. Fig f is a general outliao map of 
Afna showing the rebuorahlp to one another of the areas mduded in Fgs. 

2 to 8. This nup also shows the appnramiu boundary of the lone in Afnca 
where immunity to yellow fever has been found in the survey here reported or 
in prcvKnis surreys. 
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Fic 1 Africa, Siiowtnc TERRiroRres Covered bt the Immunity Survey 
The number*! refer to the corresponding large scale maps of these areas which follow in the text 
The hcar\ solid line indicates the approximate boundary of the area within which immuniu 

to jcilow fever has been found 

Results 
Belgian Congo 

The results of tests with 1,626 sera from residents of the Belgian Congo are 
gnen in Table I, p 60, Fig 2, p 64, show's w'here the collections were made 
Some of th^e specimens were collected in connection with field studies earned 
out in two areas in Stanleyville Prownce and in the Watahnga distnct of Coster- 
manswlle Prownce The remainder came from that portion of the eastern 
border of the countrj' which lies south of Watahnga, including the mandated 
temtor}' of Ruanda-Urundi 

Followang the occurrence of a fatal case of yellow fe\er in the Bondo 
district of Stanle3'Yalle Prov'ince in 1937, a field investigation was initiated and 
5S9 sera were collected in eighteen localities in 1940, with the generous colla- 
boration of Dr P Liegeois The donors were all children, and immune 
persons were found in ten of the places sampled The percentage of immunes 
was low in all except the Kende area, w'hich lies near the border of French 
Equatorial Afnca Immunitj in the adjoining area in French temtorj had 
prexnouslj been shown to be high (Beextw'KES et al , 1934), and at one place 
(Zemio) It reached 95 per cent in adults and 36 per cent in children 
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Table I— continued 


Place 

Year 

of 

survey 

Num- 

ber 

exam- 

ined 

Number 

rnimune 

Percent- 

age 

immune 

Age group 0-1 

4 jears 

j Age group 16 j ears & oa er 

Num- 

ber 

cxam-| 
incd 1 

I Number 

1 immune 

Percent- 

j immune 

iNum- 
1 ber 
exam- 
! med 

i 

Number 

1 immune. 

Percent- 

age 

immune 

KamanRo 

1941 

20 

1 

3 8 

20 1 

1 1 

3 8 

1 

1 

i 

Isasindi 

’41 

20 

0 

0-0 

12 i 

1 0 ! 

0 0 

14 

0 

0 0 

Kiknnco 

■41 

14 

0 

0 0 

14 

1 ° 1 

0 0 




Kiranaamba 

’41 

14 

4 

28 G 

14 

1 ^ 

28 0 


1 


Lubero 

’41 

3G 

0 

0 0 

32 

1 0 

0 0 

4 

0 1 

— 

Mambopia 

’41 

10 

3 

16 8 

10 

1 3 

1 15 8 

1 


1 

Molopia 1 

'41 

11 

6 

46 6 

11 

6 

46 6 




Mucra 

•41 i 

26 

2 

8 0 

11 

1 0 

1 0 0 

! 

0 

14 3 

V. papinics 

MI 1 

2G 

1 

3 8 

, 9 

0 

1 

17 

1 

6 9 

Muntunduluku 

Ml 1 

14 

1 

7 1 

14 

I 1 

7 1 

! 16 



Muiavmjn 

•41 j 

31 

0 

0 0 

1C 

1 0 

0-0 


0 

0-0 

Ituishuru 

’41 1 

23 

0 

0 0 

' 23 

1 0 

0 0 

) 



Vuho\ I 

Ml 

26 

0 

0 0 

12 

1 0 

0 0 

13 

0 

0 0 

^\e)ann 

Ml 

20 

0 

0 0 

11 

' 0 

0 0 

I 

i 15 

0 

0-0 

Elizabetlivillc 






1 

J 

t 

1 



Proa nice 











Kabunda 

Ml 

2a 

0 

0 0 

18 

1 0 

0-0 


0 

— 

haaenpa 

•41 

27 

0 

0-0 

27 

1 0 

0-0 



} 

Kmiarm 

•41 

0 1 

0 

0 0 

16 

0 

0 0 

7 

0 

t — 

•Paacto 

Ml 

14 

0 

0-0 

14 

i 0 

0-0 

1 


1 

“saLmia 

•41 

20 

0 

0 0 

20 

0 

0 0 

1 

1 

1 

Uuwda-Utundi 






1 

1 

1 



1 

IKaimhi 

Ml 

' la 

0 

I 0-0 

13 

0 

1 0-0 

1 

( 

! 

Muliinpa 

•41 

20 

0 

1 0-0 

17 

0 

' 0 0 

3 

1 


Naati'a 

•41 

6 

0 

t - 

8 

0 






Puhtnpen 

•41 

17 

0 

1 0-0 

17 

0 

0-0 




P'l'IRl 

•41 


i 

1 0 0 

0 

0 

— 

0 

0 

1 

— 

Total 


11 f.2(j 

I 105 

1 0 5 

1 24S 

Cl 

4 0 

378 

44 

n G 


\o of \l1Io\\ fc\Lr WLTc ob<:cr\cd dunng the field stud\ in the Bondo 
arcT in 1940, but a \accorotom\ iemcc begun at tliat time h 3 '=; since rc\calcd 
the presence of the disease m the area on si.\cra] occasions 

I ht sera from the \at 0 lcm 3 area near Stanlewilk wen. collected as part 
of an ma estigaiion of a fatal case of acllow fcacr in a Huropcan which occurred 
there in Xo\ ember 1*^0 An inttnsnt stud\ of the area o\c a penod of t> 
months failed to rcatil am further cases or ana definite caidcncc that other 
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ca*a hid occurred in the immedute p«t. The immunity lurrey wiudi im 
orricd out In Jimmy 1&41 ihcrwcd thit 5^ per cent ^ chddren and 17^ 
per cent, of adults resident m the area were Immune to yellow ferer Since » 
previous survey had been made in the dntnet it u not possible to detenmns 
to what extent these findings wer e doc to recent acdTity of the virua. The 
arsflable evidence however suggests that the 1&40 outbreak waa very bnuted 
in extent 

The Watalingi district is located m the valley of the Scmllki nver iimoe- 
dutcly west of Bwambs County Uganda. Foikwring the outbreak of yellow 
fever in Bwxmba m 1941 (Maha/ft tt oL, 1942), acra for eiamioatioo In the 
protection teat were collected from leaidcoti of the ^^atsllnga district at wdl 
as from persons living m forest nllsgca on the high ground west of the R<»Tnran 
valley m order to learn whether the population on the Congo nde of the Lama 
nver had been affected. The results indicated rec en t aaivity of the disease m 
the population living in or near the forest in Watalinga, whoeaa the acra from 
childjTO nvmg in the forest west of the valley gave completely negatiTo rcsolti. 
These fi/uhogs suggest that the epidemic which is known to have occurred in 
Bwambt in 1941 was confined to s bmitcd area in the valley of the SemHb 
nver 

The sen from the ea g em border of the Belgian Congo south of the 
^Vttalu)gadstnct,mdo<£ngthosefromRuaoda''UruDdi were aD noo^rotectiTe, 
I finding which is of some mterest cooaldenng the results obtained b r^ewtbera 
Rhodesu. 

Apart from the speoii atadles referred to above, earned out in the Belgiin 
Congo, the purpose oi oor itnmonity sur vey in that country was primarily to 
cov er the poftioti of its eastern border which bes south of Stanleyville P r ov in ce. 
An immumty aurvey m the rest of the country a being done by Dr P Ltzczota, 
Director of the lab<xatory m StanleyviDe, some of whose results have already 
been published (LtEOEOts. 1944) 

N<jnJurm Rkodma. 

During the year 1941 110 sera from three localities m the Northern 
Province of Northern Rbodcali were tested and all were without protective 
properties against yellow fever virus (Table H and Fff. 2) 

In September 1943 a patient, with sjrmptouis suggesting ydlow fever 
was adnut^ to hospital in Balovale, wfateb a situated oo th ^mbcxi river 
m the north-west corocr of the country and near the Angola border 
The <-«• was not p roven to be jeBow fever nnee all that » known Is that tie 
patient i serum during the hter stages of the illness was protectrre. In 

new of the &ct that the patient bad not travelled and most th er e f ore have been 
immunoed m the (fistnet, a surrey was undertaken to determine to wbit extent 
the populanoo b*l been affected. Sera from 178 penoos who were resident 
m Balovale and the surnamding area were mated and fifteen, or 8*5 per cent 
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T\HLn 11 

SOimtER'J miODEalA 


Year 

Place. of 

sunev 

Num- 

ber 

exam- 

ined 

Number 

immune 

Percent- 

ngc 

immune 

Age group 0-14 >cars 

Age group 16>ears fi-oter 

Num- 

ber 

exam- 

ined 

Number 

immune 

Percent- 

nRc 

immune 

Num- 

ber 

exam- 

ined 

Number 

immune 

Percent- 

npe 

immune 

Northern ProMnee 











Abercom 

MI 

40 

0 

0 0 


0 

— 

43 

0 

0 0 

Fort Roseben 

Ml 

47 

0 

0 0 


0 

0 0 

20 

0 

0 0 

Mbereshi 

Ml 

17 

0 

0 0 

1 

0 

— 

10 

1 

0 

0 0 

Kaonda-Lunda 




1 

! 







Prot-mce 




\ 


1 





Balotalc (District) 

M3 

i 170 

15 


40 

1 ■> 

4 3 

1 130 

13 

10 0 

KaleneHill 

M2 

i 

1 0 

1 


n 

1 " 

1 '' 

1 — 

1 10 

0 

0 0 

Total 

208 

15 

6 a 

1 

1 79 

1 

1 O 

1 

2 5 

> 210 

13 

5 9 


of them were found to be immune to yellow' fevei The youngest immune 
donor was a child of 6 years The sur\cy in Northern Rhodesia is being con- 
tinued m an attempt to delimit the area of recent infection The results to date 
indicate that the disease has been present in the Balwale district within the 
last 6 years This is an important finding in that yellow fever has not previously 
been showm to ha%e occurred in Africa south of lO" S latitude In view of the 
absence of immunity m that portion of the Congo north east of Balovale, these 
results point to the desirability' of extending the siin'ey westward into Angola 

Anglo-Egypttan Sudan 

The results of tests with sera from the Sudan are given in Table III and 
Fig 3 (p 67) The total listed in the table is 1,262 but, as mentioned above, 
many of these have already been reported (Kirk, 1941 , Findlay et al , 1941) 
The remainmg results are those w'lth sera collected m Equatona Province in 
1938 and 1942 and in the southern Fung area in 1942 In a survey of the Fung 
area m 1937-38 (Findlay et al , 1941), nineteen of 132 persons were found to 
be immune to yellow fever Donors included both children and adults, but 
no immune children were found Since then we have carried out additional 
studies in the southern Fung area and have shown that yellow fever has recently 
occurred as far east as the Abyssinian border The specimens were collected by 
Dr R Kirk, of the Sudan Medical Service, who took special care to select 
donors who had always lived in the area being sampled In these circumstances 
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Fib. 2. CvruciXM or li/wr'vfTT re Tulov Fctb r< m. Bc-ci Co^co 

xv 2.ciimi> Hi— TA. 

teOd Llnj o dtnotc immity bl— V rmla dnou m ■■'■i n tty 
FisADfi ter tfaa WmBrji am. pJl fUr J by ibc mail aq — tc *tc fnca bi (te iwt Mf- 

tbe£ndiQg of unmonc cinldren in places on or dot ibe bonier ihould be i eluded 
M ttfolficsnt ereo thoofh the oaxuber u Unfortuostel)' we have not so 

^ been able to obttm sen from tbe area east of tbe Puog AbTssudan border 
The results of tiic sarrej n 1933 of that portion of Equatona Pronnee 
whkh Ees west of the NUe confinxKd cariief findings and indicate that jdknr 
fcTcr bis occurred in, and has b een widely distnbuted throughout, this area. 
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Table III 

ANOLO-EGYPTIAN SUDAN 













Collections c»st of the Nile m Equstoni Pnmnce were made durinf *n 
mtestigition of i fatal case of yellow ferer m ■ Eoropean. which occurred *t 
Torit In October 1W2. The (C»e*»e had not previously been rtcofnlred fat 
this arts and in the I&41 iurvey only two uninune irulinduils were found — 
one In Tent and one m Kapoeta. The Torn mmune wu an ad It of 35 yean 
and was the anlr one m a gnnip of twenty-eight penons ranging m age from 
9 to 45 years. Following the occurrence of the fatal case n 1942, sixty sera 
— twenty nine from duldren and thirty-one from adults — were obtained from 
residcnta of Toilt, all of whom stated that they had never iraveDed ontsldc the 
distnet. Three of the children were found to be immune, bat the sera from 
adults w ere all non-protective. Ahbough the finding of urtmune children 
.ii fp sis that there may have been an outbreak m Torit tmee the earlier surrey 
It ts apparent that only a «Tn«ll percentage of the population wsj immuruxed. 
The fsud case m the Europ ea n was the only one ohsened. This roan had not 
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been away from Torit for at least 4 months pnor to the onset of the illness, 
and there can be no doubt that he was infected there 

In an attempt to discover a possible source of infection of this apparently 
isolated case a visit was made to Katire in the Imatong Mountains about 35 
miles south east of Tont These mountains, which have peaks reaching an 
altitude of 10,000 feet, are heavily wooded and are inhabited up to 4,000 feet 
by the Imatong tribe Blood specimens were taken from thlrty-t^vo adult 



Fic 3 DisTRrounov or Immumti to "inxow FE\'nR in the Anglo Ectpttan 

SuDVN AND AdtSSINTA. 

Solid circles denote imtnunirs , blonlv circles denote no immunity 

members of tlus tnbe, who stated that they had neter tratelled more than a 
few miles from their homes in the hills Eight, or 25 per cent of them, were 
found to be immune to jellow' fever This is an interesting finding, the signi- 
ficance of which cannot be full} assessed until further studies ha\c been made 
It IS, howeter, worth noting that this high degree of immunit} to \ellow fe\cr 
was found in an area which, although hitherto isolated, has recentl} come into 
close contact with Tont through dcielopmcnts m the timber industiy A 
reasonabh good motor road now connects Katirc, the centre of this industn, 
wath Tont, and lornes arc constant!} pasamg between these communities 
If, as stems hktli, it should be found that there is a focus of the disease in the 
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Imftoog Mountxma tunllir to thft kncnra to exist m the Ttilej of the R.htJ?Vi 
fiver ID western Ugindi, we hire a powible erptuation of the soorce rf the 
mfecticn wtiich ippe a red in Tont. 

^ifysjtJtUL 

The fnrvej m Abjisiina hti been limited to the sooth western poettoo of 
the country where 223 sera from seren places have been tTsmlTv*^ . Only ooe 
protective serom was foond. This was from a penon who normally Ixsed la 
but who wu in a refugee camp m Kenya at the Ome the serum was obtiuied. 
Table IV includes the results with dfbty-dght sera from the Gimmi area 
collected early in 1944 AC were non-protcctjre. These finJlngt suggest that 
yellow fever xs not endaxac in sooth wrsttm Ahyasinit, but nothing u known 
■t present of the emadon in the greater part of the country 
Tista IV 



Table \ gives the resohs of testa with 5^ sera collected tn fifteen locahoes 
in Entrea. Aa shown m Fig. 4 the places selected for samplmg evtcod screw 
the c uu n tr y from Aassb Zuln ind Msasawa on the Red Sea coast to Tessene 
near the Sudan border The results indicate that ycDow fever has recently 
occurred m E ntr es. There is no evidence that the population Dring on the 
high central plateau has been affected, but immune indJndails — both children 
and adults — were found in the cowstal sres and on the we st ern phdns. The 
finding of immune children m three locsEoes on or near the Red Sea coast 
clearly Indicates that the disease has been sebTe in this area withm the la« 15 
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Place. 

Year 

of 

survey 

Num- 

ber 

exam- 

ined 

Addi Caieh 

’42 

26 

Adi Ugn 

’42-’43 

60 

Agordat 

’42-’43 

64 

Ailet 

’43 

26 

Assab 

’42-’43 

48 

Barentu 

’42-’43 

63 

Cheren 

’42-’43 

60 

Decam ere 

’42 

26 

Galouge 

’43 

26 

Ghinda 

’42 

19 

Massawa 

’42 

30 

Nada 

’43 

26 

Tessenei 

’42-’43 

61 

Uachiro 

’43 

24 

Zula 

’43 

19 

Total 

626 


Age group 0-14 years Age group 16 years & over 



Percent- 

ber 

Number 

Percent- 

age 

exam- 

immune 

age 

immune 

med 


immune 


0 

00 

0 

0 0 

0 

; 0 0 

2 

— 

0 

0 0 

2 

7 1 

1 

60 

0 

00 


6 9 


0-0 


3 8 






Fic 4 Distribution of Immunitt to 'iEuow Fever in Eritrea 
Solid circles denote immunity , blank circles denote no immunity 
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jrora. Tha do« not i>ec«»nn]y metn thit tliere has been ■ netm oitwird 
tpreid of the di»c**e, once no preriom wirreyi hare been made m Entrea. 
It doea mean, however that Entrea. Indudlng ita cctatil belt, ahodd now be 
regarded ta potentially mfecdTe — a point of the utmoat importance, pamco- 
larily to placta aoch ta India and the Orient which op to the preaent hare been 
free of tbe dlaeaae. 


SamaSa. 

One hundred and fotty^ii aera irom foor placca in Somaha were ^Timin^ 
Tbe reanlti are given In Tabic VI and Fig 5 No immnnf peraona were foond 
in either of the two moat onportant porta, hlogaditha and Kisnajo but one 
of twenty teven aera from reaidcnta of VfllagK) waa protectire. The pontfre 
donor waa a woman of at lean 70 yean of age, who demanded that htf blood 
be tahen and who atated very emphatically that ahe bad nerer trarclled. little 
izDpOTtance can be attached to tto finding 


Tuaa Vl 
wiwnr*. 


Fbes. 

Tetf 

•f 

aPTty 

b*r 


««• 

fcgman. 

Ac* fRup 0>tt T<cn. 

Ac* creop 1 1 T**n fc **v 

b*T 

»rd. 

SuDher 


Son* 

b<r 

SomW 

ItTTITWI 

PwoM- 

katM* 

Dicbdbor 

43 

44 


S-t 

IS 


oo 

» 


11* 

K VTwyii 

42 

34 


00 




24 


SO 


41 



so 




11 

0 


viQta» 

43 

37 


3 T 





I 


Ts«»l 


Mi 


H 

10 


0-0 



11 


TTic apedmens from Dtghabur were taken by Major G W A. Dicr, 
RJLhLC foDowlnf a report that a aerere and often fatal iJlncaa of abort dun 
tk« and aaaociatcd with fever and jaundict had been epidemic there in April 
and May 1943 Cases were not seen by anyone competent to make a cCiucal 
dngnoaia nor waa nacerotooiy practised. In the absence of accurate and 
reliable mfonnation the nature of the Qneaa reroaini obscure. It was probably 
not yellow fever However the finding of fonr umDuncs in a group of twenty 
nmc adoh reaidcnta of Dagbabur mdicatea that yellow ferer has occurred there at 
some tune in the recent past. Further studies in wett er n Somaha and etatem 
Abyatmia are m^cated. 
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Fic 5 DisTRiBirnoN of Immum-h to Tiniioi^ Fever in Somalia 
Solid circles denote immunity , blank circles denote no immunity 

Kenya 

Table VII pives the results of tests with 564 sera from Kenya , 338 of 
these came from north, central and south Kavirondo m Nyanza Province 
(Fig 6) A considerable number of localities, all of which were near the 
north east shore of Lake Victoria, were sampled None of the sera gave 
protection 

The 166 specimens from the Rift Valley and North Frontier Provinces 
were tested as part of an investigation of a fatal case of yellow fever which 
occurred m Kitale in May, 1942 The disease had not previously been recog- 
nized in Kenya, but clinical history of this case, as far as it could be ascertained, 
was so suggestive of yellow fever that the medical attendant made strenuous 
and eventually successful efforts to obtain a specimen of liver, sections of 
w ch showed the characteristic lesions The investigation revealed no evidence 
o rther cases having occurred in the area, and 166 sera from individuals resident 
in Kitale and the surrounding distnct were without protective properties 
^ second fatal case of yellow fever occurred in Kenya in November, 1943 
he patient, an Afncan soldier, died at Klisumu, but a study of his nlovements 
prior to death made it clear that infection must have occurred while he was 
ivmg in an army camp near Nairobi The camp was situated within a few 
hundred yards of the southern hmit of the Langata forest, which the soldiers 
frequently visited This is an indigenous forest of considerable extent which, 
on mvestigation, was foimd to be inhabited by about 300 squatters As the forest 
seemed the most likely place in which to look for evidence of recent activity 
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of the virus, sixty sera were obtained from squatters and exammed m the pro- 
tection test One of nine children and two of fifty-one adults were found to 
be immune to yellow fever The movements of the three positive donors were 
carefully mvestigated and all were found to have been permanent residents in 
the forest since birth The evidence indicates that yellow fever has been present 
m the Langata forest within recent years, and it is highly probable that the 
soldier dying of the disease in 1943 was infected there 

A better understanding of the epidemiological factors concerned is required 
before we can estimate the sigmficance of the occurrence of these sporadic, or 
apparently sporadic, cases They may result from the introduction of the virus 
from an outside source or, on the other hand, they may be due to the per- 
sistence of the virus m areas in which conditions are unfavourable to the spread 
of the infection Further work, including ammal studies in forested areas, 
may help to clanfy the situation 

Tanganyika Territory 

The survey in Tanganyika Territory was limited to the western border, 
where 467 sera were collected m fifteen localities The results are given m 
Table VIII, p 74 Fig 7 shows the location of places where specimens were 
taken Only one serum was protective The positive donor was a boy of 10 
years resident m Ngara, near the Ruanda-Urundi border This single positive 
is not regarded as significant, and the findings in western Tanganyika are 
mterpreted as indicating freedom from infection dunng the hfetime of the 
present generation 

Zanzibar 

Sera from seventy-seven residents of Zanzibar were all non-protective 
(Table VIII, Fig 7) 

Uganda 

In the Uganda Protectorate 5,085 sera from residents of fifty-six localities 
were examined The results are given in Table IX Apart from Bwamba 
County, which will be discussed separately, 3,031 sera were tested m the 
survey Only nine of a total of 1,408 children whose sera were included were 
immune to yellow fever Of 1,623 specimens from adults, fifty-one from 
residents of tw'elve locahties were protective 

Although the percentage of the population in Uganda which has been, 
immumzed is small, the localities where this has occurred are scattered over 
a wide area in the central, northern and western sections of the country (Fig 8) 
It would appear that conditions favourable to extensive outbreaks of the disease 
in the human population are absent It is true that large urban centres do not 
exist and that the population is essentially rural However, excludmg Bwamba, 
there is no evidence that a rural epidemic, comparable to that which occurred 
in the Nuba Mountains district of the Anglo-Egyptian Sudan, has ever taken 
place in Uganda Nevertheless, limited outbreaks do occur, and the extent of 
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the tre* affected *og;?etti tiitt the human population b ex por ed to infccucn 
under conditions which are unfarourable to iti sprctd. 

There ii ample evydence, in Uganda, of yellow fcrcr nrus actmty in ■ 
non-human boat In four localities where atudiet hare been made the incidence 
of imm unity m monkcyt greatly exceeds that in mtn Furthermore, it has 
been found that the irKadcoce of Immunity m monkeys may nse sharply without 


Tasu VIU. 



a parallel nse m humaat m the tame area. For example studies on Bukasa 
T«hnd n ^ ictona, m 1W3 showed that the incidence of immunity m 

tnonkeja rote froro 4 to^ per cent during the last 8 months of the year A 
jujvcy of the human population on the island in 1&44 sbomed an m crease — but 
only a slight ■ru r f itr — in immunity o\-er that found m prenous yean (Tabic DQ 
The African monkey almost certimly plays a role in the epidemiology of ydlow 
fcTcr m man. It prondcs a source of Tims which, under fsTOuiable dreum- 
stancet, may be Introduced into the human popuhnon. It cannot, howerer 


A r MAHAFFY, K C SMITHBURN AND T F HUGHES 


75 



bic 7 Distribdtion of iMNnnnrv to Yeixow Fever in Tanganyika and Zanzibar- 
Solid circles denote immunity , blank circles denote no immunity 

erve as a true reservoir of the virus, since the individual animal, if it survives 
he infection as it usually does, rapidly becomes immune to it 

Bwamba County has been the scene of our most intensive epidemiological 
nvestigations in Uganda since the opemng of this Institute because the earliest 
itudies indicated that yellow fever had been more prevalent there than any- 
vhere else m the Protectorate Dunng the years 1937—40 a total of 2,054 sera 
vere collected in eighty-eight places in Bwamba County The results of tests 
vith these sera are summanzed in Table IX Since the number of specimens 
:rom many places was too small to give significant results the whole area 
lovered by the survey has been divided mto thirteen districts as shown m 
Fig 9 The combmed results for all places in each of these districts are given 
in Table X Immune adults were found in all thirteen distncts, but in only 
SIX of them did the findmgs indicate activity of the virus within the last 15 
years Four of the sue distncts where immune children were found lie adjacent 
to, or near, the umnhabited Semliki forest, and the other two adjom the forested 
valley of the Lamia river There is an unequal distribution of immunity 
in Bwamba, and a careful scrutiny of the survey findings makes it qmte apparent 
that the risk of infection increases as one approaches the border of the Semliki 
forest The forested area of Bwamba County may be seen from Fig 9 to be 
divided into two distinct portions, viz , the Semhki and the Ruwenzon forests 
The former is the lowland forest in the valley of the Semliki nver at an altitude 
of approximately 2,500 feet The latter is a mountain forest, the lower timber- 
Ime of which vanes from 4,000 to 7,000 feet (Haddow, 1945) It is the 
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Tatile IK — fontinurd 


Place 

"i ear Num- 
of ber 

sun c% exam- 
ined 

Number 

mmune 

Percent- 

age 

immune 

1 

Acre proup O-M \c3r$ 

Arc RTOup 1 5 > can &. o\ cr 

Num- 

ber 

exam- 

ined 

Number 

immune 

Pcrccnt- 

ape 

immune. 

Num- 

ber 

exam- 

ined 

Number 

immune 

Pcrccnt- 

age 

immune 

MasaJva Distnet 











Kntcra 

•4! 

64 

0 

0 0 

41 

0 

0 0 

n 

0 

0-0 

1 MasaJv;! L ICalunjni *'17 

242 

6 

2 1 

34 

0 

0-0 

208 

6 

2 4 

M »» 

■44 

58 

1 

1 7 

20 

0 

0 0 

38 

1 

21 

Mcnptj Distnet 











Bombo 

'37 

74 

1 

1 3 

I 

0 

— 

73 

1 

1 4 

Entebbe 

■41 

50 ' 

0 

0 0 

50 

0 

0 0 




Mbiru 

■43 

70 

3 

4 3 




70 

3 

4 3 

H 

•44 

60 

1 

1 8 

48 

1 

2 1 

8 

0 

— 

Mitj'ana 

■4! 

40 

0 

0 0 

40 

0 

0 0 




Mpitn 

'41 

1^ 

Cl 

0 

0 0 

27 

0 

0-0 




blul ono 

•37 

22 

0 

0-0 




oo 

0 

0 0 

Ntenjefu 

■41 

60 

0 

0 0 

46 

0 

0 0 

4 

0 

_ 

Islands — Lake Victo na 










BunjaJ 0 

Cl 

4 

0 


. 



4 

0 


Buvuma 

■40 

22 

0 

0 0 

18 

0 

0 0 

4 

0 

1 ■ 

Komc 

’39-'4C 

122 

0 

' 4 0 

77 

0 

0 0 

45 

0 

13 3 

Sese Islands 











Bugala 

■38 

65 

1 

, I 8 




55 

1 

1 8 

« 

■43 

87 

4 

4 0 

31 

1 

3 2 

60 

3 

5 4 

Bulaisa 

■38 

20 

0 

0 0 

1 

0 

— 

10 

0 

0 0 

t* 

'43 

no 

13 

; 11 8 

17 

0 

0 0 

93 

13 

14 0 

» 

'44 

00 

7 

10 0 

l6 

3 

18 8 

50 

4 

8 0 

Zmga 

■38 , 

6 

0 

, — 




5 

0 


Bugisbu Distnet 




1 







Bubulu 

'41 

18 

0 

00 

1 



18 

0 

0 0 

Budadin 

■41 1 

22 

0 

. 0 0 




oo 

0 

0 0 

Bufumbo 

■41 ' 

20 

0 

0-0 




20 

0 

0 0 

Buluchcke 

■41 1 

25 ■ 

0 

1 0 0 




25 

0 

0 0 

Bunkoko 

■41 ' 

20 

0 

! 0 0 




20 

0 

0 0 

Bupota 

■41 ' 

10 

0 

. 0 0 




10 

0 

0 0 

Busano 

■41 1 

10 

0 

0 0 




10 

0 

0 0 

Muyembe 

■41 1 

18 

0 

' 0 0 




18 

0 

0 0 

Simu Riter 

Ml 

30 

0 

' 0 0 




30 

0 

0-0 

Sipi 

Ml 

23 

0 

0 0 

1 



23 

0 

0-0 

Tcao Distnet 











Arnuna 

'37 

20 

0 

I 0 0 

1 

1 4 

0 


22 

0 

0 0 

Total 

6,085 

282 

j 6 6 

12,662 

1 

00 




8 8 
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Semliki forest and its gallerj^ extensions with which the epidemiology of yellow 
fever in Bwamba is associated No evidence has, as yet, been found that the 
Ruwenzon mountain forest is in any way involved ' . 

A descnption of Biramba Count}’ and of investigations carried out th6re 
over a period of years has already been published (Mahaffy et al , 1942) 
Dunng the course of these studies yellow fever virus was isolated from a human 
case in 1941, but the presence of the disease in Bwamba at that time was not 
suspected until the protection test revealed that a considerable percentage of 
the population in certain areas had been immunized between January, 1940, 
and Apnl, 1941 The results of the tests which provided this information are 
given in Table XI The donors for this study were residents of four of the 
distncts mentioned above — districts specially chosen because of their proxirmty 
to the Semliki forest Of a group of 171 persons whose sera were retested in 
1941, fifty-two, or 30 4 per cent , were found to have developed immunity 
since October, 1939, or January, 1940, when the onginal tests were done It 
was on the basis of this finding that the study w’as undertaken which resulted 
m the isolation of yellow fever virus in Bwamba, later m 1941 

To illustrate further the relationship of forest to virus activity in the human 
population of Bwamba, Fig 10 has been prepared to show the individual places 
where immune persons, both children and adults, have been found This 
map shows the places of residence of all the immune donors listed in Tables 
X and XI Prominence has been given to localities with immune children, 

Tabi^ X 


BWAMBA COUNTY — UGANDA 


Place 

Year 

of 

survey 

Num- 

ber 

exam- 

ined 

1 

1 

Percent- 
age ! 
immune f 

Age group 0-14 jears 

Age group 16 years & over 

Number 

immune 

Num- 

ber 

exam- 

ined 

1 

Number i 
immune I 

Percent- 

age 

immune 

Num- 

ber 

exam- 

ined 

Number 

immune 

Percent- 

age 

immune 

Bubandi 

’37-’39 

299 

20 

8 7 

134 

1 

0 7 

166 

10 

11 6 

Bubukw anga 

’37-’40 

79 

14 

17 7 

31 

0 

0 0 

48 

14 

29 2 

Buhundu 

’37-’39 

! 68 

6 

8 6 

31 

0 

0-0 

27 

5 

18 6 

Bukangama 

’37-’39 

1 29 

2 

6 9 

13 

0 

0 0 

16 

2 

12 5 

Bundibugyo 

’37-’39 

' 382 

63 

13 9 

196 

7 

3 6 

187 

46 

24 6 

Bundingoma 

’37-’40 

' 134 

16 

11 2 

76 

6 

6 6 

68 

10 

17 2 

Bundinjongvo 

’37-’39 

' 08 

2 

3 0 

31 

0 

0 0 

37 

2 

6 4 

Bunyangule 

’37-’39 

j 84 

4 

3 6 

48 

0 

0 0 

36 

4 

11 1 

Busaro 

’37-’39 

274 

27 

9 9 

163 

0 

00 

121 

27 

22 3 

Hakitara 

’37-’40 

, 303 

1 38 

12 5 

218 

18 

8 2 

85 

20 

23 6 

Hakitengya 

’37-’40 

: 210 

' 36 

17 1 

i 140 

19 

13 6 

70 

17 

24 3 

Kinmia 

’37-’39 

1 95 

1 2 

2 1 

1 64 

1 0 

0 0 

31 

2 

6 5 

Ntotoro 

’37-’39 

39 

1 4 

10 3 

J 

; ^ 

10 0 

29 

3 

10 3 

Total 


2,064 

I 

222 

I 

10 8 

1,144 

1 

61 

f 


910 

171 

18 8 
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Since children nre much more likcK to ha\c been immuniFed in the immediate 
nanity of their present liomes than is the case nith adults Although adult 
immuniU occurs throughout the counU the percentage is higher in the popula- 
tion Inang in close contact a\ith the Scmliki forest No immune children 
a\crc found in the grassland areas which he south of this forest and at some 
distance from it 

The results of long-continued studies in Bwamba County have led us 
to the conclusion that we ha\e in that area in endemic focus of yellow fever 
Followang the isolation of aims in 1^41, a mass a-accination campaign was 
earned out there and subsequent studies ha\e showTi that 93 per cent of the 
population were immune 3 jears later Despite this fact jellow feaer airus has, 
on taao occasions since 1941, been isolated from mosquitoes caught in or near 
the Semhki forest (details to be published later) We therefore have reason 
to bclieae that the aims of the disease is able to maintain itself in Baaaimba for 
an indefinite penod and that its continued presence is not dependent on the 
existence of a susceptible human population Our knoaa ledge of the factors 
responsible for the persistence of the aims is by no means complete and 
intensiae epidemiological studies arc being continued in the area 

Discussion 

The results of the aclloaa foaxr protection test survey in Central and East 
Africa haae confirmed earlier findings and have added to our knoaa'lcdge of the 
past incidence of the disease in that part of the Continent Recently infected 
areas in aahich }clioaa feacr aaas not preanously knoavn to haae existed include 
Entrea, aaestem Somalia, central Kenya and the Baloaaile district of Northern 
Rhodesia The fact that the disease is noav knoavn to have occurred as far east 
as the Red Sea coast of Eritrea and as far south as Baloaailc does not necessarily 
indicate a recent invasion of these places It may indicate only an extension 
of our knoaa ledge of the distribution of the infection 

That clinical cases of yclloav fever have never been recognized in any of 
the territories mentioned above is neither disturbing nor surprising to anyone 
aaho is familiar avith the recent history of the disease in Africa The protection 
test provided the first indication that the disease had occurred in the Anglo- 
Egyptian Sudan Recognition of cases came later avhen the most extensive 
epidemic ever recorded in any part of Africa avas observed in the Nuba Mountains 
(Kirk, 1941) The difficulty m finding and diagnosing yclloav fever in the 
African is avell illustrated by our oavn experience m Bavamba County m Uganda 
Here again the protection test indicated that the disease had been present 
avithin recent years but the most careful search by experienced avorkers failed 
to reveal a single case during a 4-year study It avas only after the protection 
test demonstrated the existence of the disease, in a restneted area, avithin recent 
jnonths, that our efforts v'ere successful The explanation for this lies, m part 
at least, m the fact that a high percentage of cases in Africans are mild, and 
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mild ydJow fever cumot be (Eignoecd duuollj Tbc« tie poinli w+ikh irc 
•tiH by DO DKtis tmlremlly apprtcuted. 

Serere and fktil c*ta of jdlow ferer pietentxng the clatrictl iji uptcm M of 
the ditcate, do occur in Africa, but they are to Infrequent that, under the 
contGtioo# which prerall there, the f«t that they hire not been teen and 
recogmxed doe* not cematitute a tound baab on winch to declare an area fret 
of the infcctmu Cooaeqoently until tuefa rime as metboda, rjch ai a 
TuccroiDttiy temce, «hjcfa will gnre oa more op-to-the rranute informatioQ on 
the inodeDce of the dtaciae, can be derclopcd in Africa, we mutt be cootent 
with the knowletbte pronded by the Immunity aurrey On the aaaumptioo that 
where yellow ferer occurred it can and may occur again, we are jitttiBcd la 
regarding the whole area withm which immunity baa been demaoatiated as 
cuoautiiting the endemic acne in Africa. In Fig. 1 (page 59) we bare ihown the 
appr enmate boundary of thit lonc as frr ta It u known at the present tune. 

SoaoiAJiT 

1 The resulta of a yeOow fever p r o tca Jon test au rrey coT eri ng the 
gxaminatioo of 10,27-4 aera collected In ten countries in Ceotial and East Africa 
are presented. 

^ The frodlngi hare demonttrated that yeTlov fever has occurred recrody 
in the Belgian Congo Ugtadi, the AogkwEgyptiaQ Sudan, Eritm, SofnaSa, 
Kenya ax>d Northern Rhodesia. Abyaainla b» not been adequately ttoified 
and Tanganyika Temtary and Zamibar bare been free of recent bfectioe. 

3. The cEaease has occurred within recen t years as fax east as the Red Sea 
coast of Eritrea and at hi aouth aa Balorale m Nonhera Rbodcaia. 

4 The area within which unraatuty has been demonstrated should be 
regarded as the endemic aone of yellow ferer in Afnca, TTse appronmate 
boundary of aooe baa been lodicited. 


i, H_ KLuurrr A. F Boasa, A, W & Paoi, J IL (IBM). TVmr It. Stc. 

U*l Art If. m 


Hadoow a. J (IMS). /Vvc. Z»*f Sw II* 1 

Hochm. T P Jacoaa, H. R. ft Bcaar A. W (IMI). TVna. A. S«c lrtf> IfM. ffjt 
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Kma. R. (IWl) Ajm. trap 18 67 
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THE INCIDENCE OF SICKLAEMIA IN WEST AFRICA 

BY 

G M FINDLAY,* 

W MUm ROBERTSON, 

AND 

F J ZACHARIAS 


Since Herrick (1910) first described an anaemia associated with sicklmg ' 
of the red cells in a native of the West Indies, the sicklmg phenomenon has 
aroused interest in Amenca where it has been recognized as an important 
factor in the pathology of the negro 

Under the term sicklaenua (Cooley and Lee, 1926) are included those 
cases of anaemia with penodic haemolytic cnses and those, more numerous, 
which without chnical symptoms exhibit sicklmg of the red cells in vitro, 
whenever the oxygen tension is reduced — ^the sickhng trait 

In West Africa, the ancestral home of most Amen can negroes, sicklaenua 
has received scant attention apart from record of individual cases by Russell 
and Taylor (1932), Smith (1934) and Reid (1936), and the fuller and more 
recent studies of Evans (1944 and 1945) The present communication deals 
ivith the incidence of sicUaerma in the Bntish West Afncan Colonies 

Incidence of Sickling 

As the majonty of mvestigations were made under field conditions, the 
technique employed was simple After cleamng the skin, a drop of blood was 

• Our thanks are due to Bngadier J B A Wigmore, d d , West Afncan Command, 
for permission to publish these results Dr A H Chennard and Dr W J McCuntock, 
of the Colomal Medical Service, very kindly placed patients at our disposal, while Miss 
D Barnfull and Mr A Y Kpeglo gave us much help and assistance 
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pliced OD a canmi with a dean corer glxM mi j nnged mth mcCne. 

Ringed prcptiiucau, wUdi must bo protected from the depredttioQa of mtt, 
■were kept at room tern pert to re tnd emnined after 24 boora. 

In tU 6,500 Abicana were examined of whom 12-4 per cent abowed tbe 
•IckUng trait. Joxt over half the total number were nativea of the Gold Cout 
and French Togo the remainder came &om Gambia, Sierra Leone and Nigena, 
where aouthem tnbea, pagaoa hom the Plateau and Hautas were 
Sickfing was fotmd m all tribea and no dgnificant ipect£c tnbal <Efference> 
were noted- 

The aex rnddence of nckfing waa ap p i ovi mately equal, 11 2 per cent in 
milea, 12'6 per cent In femalca. Diffcrencea were noted In rcfaitktn to age 
(tee table) Although the numberi from the two extremea of bfe were tmilJ 
they tuggat that the expectation of life in nckkra may be lea than m nonnal 
per ao ca 

The mddence of scklaemia in relation to cer tai n pbjiiological and patbo* 
logical condhiaot w» Inrexogated. 

1 Prtfnatcy 

Retd (1936) pouted oot that • n^Iing ennt in the later mooth* 
pregDUcy waa oftm ftoL 

Of 465 pregnant women enimned In Accra, aerenty atm , or 16'9 per 
cent, ndtled. Rod (1944) found thirteen tickler* amoog 1C)0 pregnant women 
in the Gold Coe^t 


2. Srmhi^^ 

Of uxty-ooe women who cither bad never conedred or bad failed to 
p codoce a viable foetoa, thirteen, or 21 3 per cent tickled. 

a larMry 

Of teventy-dx Innatici of both tact, aged 35 to 60 year*, five, or 6*3 
per coit tickled Thit rate i* comparable with that m old people without 
mental efiaetse. 


4 . GtmtraJ VerUJity 

Among 296 boipital paticnu not auffermg from mental diteaae, pneumonia 
or nicer*, forty-wren, or IS S per cent, nctled. 

5 . Pmnamofott. 

The Inadence of atckling in Afheani with poeuiDOnit waa inveatigrtcd 
to determine if the jaundice acen m negroea with pneumonia can be correlated 
,nth dcklaama. In South Afnca, Geu*.’® and Lewu (I&12) found jaundice 
in 10 per cent of negroea with poeumonia. Among 1,240 ccoaecutfre caaei of 
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pneumonia in West African soldiers, sixty-five, or 5 2 per cent , had jaundice 
Of these 1,240 pneumoma patients, 125 sickled, and of the 125 sicklers twelve 
(9 6 per cent) had jaunice Among the 1,115 non-sickhng pneumonia 
patients, fifty-three, or 4 7 per cent , had jaundice The difference m the 
incidence of jaundice in sicklers and non-sicklers is not statistically sigmficant 

6 Ulcers 

The association between sickle cell anaemia and leg ulcers was descnbed 
by Herrick (1910) Later observers have estimated that m America ulcers 
of the leg occur at one time or another in the history of 40 per cent of negroes 
with sickle cell anaemia Diggs et al (1933) could not determme any correla- 
tion between the sicklmg trait and the presence among Amencan negroes of 
active ulceration or old scars on the legs In West Afnca, of 103 patients with 
tropical ulcers of the leg, twelve, or 11 6 per cent , exhibited sicklaemia 

Sickling in Races other than the Negro 
From time to time sicklaemia has been descnbed in whites in whom, so 
It IS alleged, there is no negro ancestry All cases have come from the Mediter- 
ranean area or Amenca In the former, since Roman times there has been a 
large infiltration of negroes, while m Amenca negro ancestry may be vehemently 
demed but is not easily excluded Diggs et al (1933) exammed 309 whites 
from Memphis, Stdenstricker (1924), 1,000 from the Southern States, and 
Korb and Miyamoto (1927), 100 from St Loms , all were negative 

Five hundred and sixty-eight Bntish soldiers and airmen, temporanly 
stationed in West Afnca, were all negative , 188 Synans were also negative 


Table. 

incidence of sickling in relation to age (both sexes) in normal AFRICANS 


Group 

Number 

examined 

Number 

sickhng 

Percentage 
with sickling 

Ncw-bom babies (cord blood) 

26 

0 

36 0 

Infants (1 to 6 years) 

243 

20 

11 0 

School children (6 to 16 years) 

466 

44 

0 6 

Students (16 to 20 years) 

426 

43 

10 0 

Adults (21 to 60 years) 

1,610 

102 

12 7 

Old people (GO years and over) 

60 

2 

40 


Discussion and Conclusion 

Among 5,500 West Africans exammed, 682, or 12 4 per cent., had sick- 
laeima In the United States of Amenca the results of seventeen mvestigators. 










nnnmiriied bj Liwi> (1&12), tbermd tbst tmotig 11 121 oejroa 

832 (7*48 per cent.) nckletL Vaiutioa* were from 4 3 per cent in Georja 
to 16 per cent In North Ctrolmt. Tomujoox tmong 3,000 atmha- 

tiom in the Fuumi Ctnil zone, obeemd 112 per cent of ncklen. In West 
Africa, Etaitb (1944) foand that unong 661 Afncin aokhera 112 (19-9 per cent) 
dcUed. In Gtmbt^ the rate w*$ 23 3 per cent 

CoKcitatats 

Among 5,500 Wett Africena cixmtncd, the incidence of ticUMma was 
12*4 per cent 
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COOLEY’S ANAEMIA NOTES ON SIX .ADULT CASES 

BY 

A L FAWDRY, m a , m d (Cantab ,)• 

Dutnct Medical Officer, Colonial Service, Cyprus 


Recent work m America on faimlies of Greek and Italian ongm by Smith 
(1943) and Damashek (1943) has left no doubt that the fatal faimlial blood- 
dyscrasia first descnbed by Cooley (1927) is the most senous form of a disease 
of varying seventy transmitted as a Mendehan dominant by less-severely 
affected “ carriers ” There is, indeed, a continuous gradation of the degree of 
blood-disorder — from a fatal anaemia with gross physical change (splenomegaly, 
hepatomegaly, cardiac enlargement, umversal bone-changes, icterus) and 
obvious dys-haemopoiesis, through a moderately severe and disabhng refractory 
hypochromic anaemia with slight physical changes (palpable spleen, shght 
thickemng of the calvanum of the skull) and well-marked morphological 
anomahes of the erythrocytes but absence of circulating normoblasts — to the 
mildest disorder apparent only on careful laboratory exammation of the blood 
in a perfectly healthy individual 

The haematological features which constitute the “ trait ” found m healthy 
relatives of the anaemic persons are a degree of amsocytosis and poikilo- 
cytosis out of proportion to the intensity of the anaemia — indeed, sometimes 
accompanying a hypochromic erythrocytosis — the presence of target, oval, 
and stippled cells (usually), and increased resistance to haemolysis by hypotomc 

• My thanks are due to the Directob of Medical Services, Cyprus, for perrrussion 
to publish this paper and to the doctors who referred cases to me , also to Mr N Schizas, 
who assisted me technically 
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•aline. The (tcm^ mamrw ibowi an incrcaae m the proportion of DonooUafti 
to other nucleated ccUi (Wcct»obe ft 1&40) It u not yet pcmibk to tjy 
chancterutica of the red cefla are abaohitely pathognomooK: of the tnrt 
btrt the fundamental defect u protiably the prodacdoo of an abnormally dda 
cell enth a deficient haemoglobin cootent, and the lahoratory teat which mott 
•trikingly thowa the preaence of the diaorder ta the plotting of the fragihcy 
currn. 

The haibo unn g of the trait u of no conacqucnce to the indtridtial, thoogh 
It may be to hit oSapring ao he uauaOy aurviTct onre c ogtaaed to adult age. 
Lattk notice baa yet been taken, m Cjpnis at least, of the clinical features of 
the Intermediate grtaip who reach and pass puberty but yet miy be aerlooily 
mcapacitated aod as the disease may apparently aprmg up In diverse comcn 
of th world It has aeemed worth wrinle to record the findings in these Cypalots. 
A desedpdon of the aerere diaease aa seen in childhood in Cyprus was giren 
m a p r e rio u s paper (1944), 


CuwicAi. Ftwocroa. 

Case 1 N male, age 22 No bjlatory of se ver e inanrua in the family 
Rcc uf reot fever (? cojisna) in childhood but Utxle resmcaoa of aedrity 
Moderate nonna] physique, shgbt icterus. Spken 1 (Hackett) No other 
abnormal tigna. No dnrkemflg of cahmum. Hsaao^obtn W per cent 
R.C B., 5 7 milLoat per cmm. 

Case 2. L. Ln male, aged 90 No family brtory of apanrui Fever 
(? malaria) at 15 Normal childhood actinty He haa been womed about the 
tae of bis spleen and hia yeOow coniplcxioc amce the age of 20 Mamed, 
with ooe normal child (not exandned) 

Normal adult physique. SOgbUy mongolcnd ftaea. Marked icterus of 
caojoDctivie. Liver 2 Lb. below costal margin Moderate degree of ihickemng 
of calrxrnzm. 

At 28 a splenectamy was earned out and be states that the Ictcms 
danlmahed, and be fanpnjT^ subjectively Rccordsofhiablood-countshcnrthil 
both before and after this be bad uaually between 5 and 5 5 milli on red cells 
per <* rnm. Hii bscmoflohin ihowed a dubious nse from 70-80 per cent 
to 90 per cent. But there u no doubt that a typical normoblastic response took 
place, such as is described in children with Cooley s anaemu try ^rr ft fL 
(1932). The techmeun recorded some circulating normoblasts 

prior to the operanon aod sabscqucntly putneroca, the latter referring to 
counts of 10 and 30 thousand per c.mm. at 1 and 29 mootha rc sp cctiTely after 
wards When seen by me 2^ years later be sUQ had 23 thousand normoblasts 
per cmm. Haemoflobui 90 per cent. R.B,C., 5-9 imlhons per cjnin. 

Sshll, 100 per crel. — IS 56 i i w f inirs Hb- per 100 cx. 
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Case 3 A J , male, aged 20 An uncle was known to have been very 
pale, and died at 24 His own development was normal till 4 years old , 
increasing pallor and splemc enlargement followed a febnle illness at that date , 
he could never take strenuous exercise when at school Genital development 
complete but rather late even now he only shaves once every 2 to 3 days 



orma height but a large body with thin limbs Firm bony union at the 
si e o an o d fracture of radius Icterus of conjunctivae and mongoloid facies 
0 erate enlargement of axillarj’^ Ijunph nodes Slight cardiac enlargement 
K ^ K murmur Abdomen not nsibly distended, but hi er enlarged 

, , costal margin , spleen III, hard and smooth Calranum slightly 

thickened Haemoglobin, 35 per cent R B C , 2 S millions per c mm 

asc 4 Ml, female, aged 27 Her brother’s child died at 17 after a 
sp cnectomj for splenomegaly and pallor She v as \\ ell till 5 years old Then 
se\eral a cars of mtcrmittcnt fever wth enlargement of the spleen As a child 
s e vas too Mcak to play with the other children or go to school and her feet 
svclled after exertion Menses seen on only four or fi\e occasions se\cral 
jears ago, since when there has been complete amenorrhoea RcccntK she a\as 
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coolct'* akuuu 


trewcd for *0016 time u congenitilly •yphiTitic on the Kren^ of t 1 + 
W R, tnd the flittcncd bndge of her immc the Utter oa qoettioniiig, wa 
fotmd to dm from 1 UD from t daolccy when 1 tmtlJ child. Tbae were no 
genohic «igQ* of iTphiH*. 

Pooriy dcvejoped rniucoUtare of fimbt iJightly mofigolotd Uoe* 
•ottred deproeed bndge of note Scmty walUiy »nd potac bm Plttint 
oedcm* of Ankle*. SyttoGc epioU monnttr Abdocnen by eaUrgcd 

•pJeen (II), enUrged Ever and free flmd. Shght thickening of the ctlmnim 
the tiln* ihowed oeteoporoeji with promloence of the tnhecuUe. HacmojlotKn, 
35 per cat R.B C 3 3 mxlEona per c-mm 

Cue 5 hL hi J mile, 20 Hu luter auffered from the tame 
complaint tod died at 18. The draeaae appeared when be im 2 yean old with 
fercr and pTOgressiTe.'weakzKaa. He attended achool bm waa oerer able to 
take ttrenuoiu cxerciae Pe nu tent attenuoo from many docton baa left him 
dmHuiiooed and apathetic be refused atemal puncture and objected strangty 
to Tcne p unctufe. SemfinnEd eelatcnce 

Genera] phynque poor (bagfat, I 58 to. weight, 43 kg ) and hu Emba 
were small and thm in companaoa with the trunk. MoogoUd appearanee 
ahgbt but fcatore* quite (Meieot from parents. Conjuncorae icteric. Genital 
de^opraeot apparently normal but voice anil prrpobertal. Soft ayttollc 
tDormar over prtecofdhzm. Abdootmil dlatenaice net marked in apite of 
enlarged epleen (If) and liw (3 f b below eoataJ margin). No t ec o p m abk 
thickening of cahinum. Haemoglobin. 35 per cent ^B.C. 3‘<1 uolhoca per 

Cose 6 M Ch. aged 20 male. A foil deaenpuon of this patient was 
giren In the prenoui paper 00 Cooleys snsrmia m Cyproa (PawoiT l&M). 

Onset at yeara. All the changes recorded In the childhood disease 
greatly exaggerated Stnnced physical derdopment, infanQliain, eanphthahnos 
and grosa tiuckenuig of the edranum. Haemogiobm 25 per cenC R.B.C. 

2 8 millkins per emm 


Cau»iE:rrA*T 

All tix paoenta showed splenomegaly bypochnxnic erythrocytes, and 
increased reautance of the cells to baemoiyau by hypotonic sahoe. 

Case 5 showed a great increase of normohUats in the marrow 
r«ti- 1 *nd 2 are typical of the ouldest degree of the afficocn the first 
had DO ijmpUinu directly referabie to Us blood-dyscrasia and the secood only 
the ictenu of hu coojunctiTac and the poascaaioQ of a spleen large «ocgh to 
attract a surgeon. Haring no ansenua, there has been no interference with thnr 
phynoU capaWbtics. Cases 3 4 and 6 all lead a somewhat mucriblc ensteoce, 
the first two unable in their Tillages to earn ihcw bring with tbcu hands (they 
were each girni a tnil as domestic semnti by the writer) and the third, though 
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Table 

RELEVANT HAEMATOLOOICAL FINDINGS 


Case number 

D 

2 

3 

4 

6 

6 

Red cells — 







Anisocytosis 

+ 

+ 

+ + + 

+ + + 

+ + + 

+ + 

Poikilocytosis 

+ 

+ 

+ + 

+ + 

+ 

+ + 

Target cells 

+ 

+ 

+ 

+ 

0 

+ 

Circulatmg normoblasts 

+ 

+ + + 

+ 

+ 

+ 

+ + 

•Fragility, % Sabne at -wbicb 







haemolysis started. 


40 

46 


40 


reached 60%, 


26 

26 


20 


was complete 


16 

16 

10 

10 

10 

Marrow 

Percentage of normoblasts 

46 

60 


63 

— 

76 


• Creed’s method usmg oxygenated venous oxalated blood 


well educated and living with his parents in a town, too despainng to try to 
overcome his handicap Case 6, though physically the most affected, never- 
theless with a cheerful and determined spint, leads a fairly active hfe assisting 
in his father’s business 

Except possibly for lifelong repeated transfusion, which is scarcely practic- 
able in Cyprus, there is as yet no therapy whereby the anaemic patients can be 
restored to health and usefulness m the commumty 

Since these notes were made, other cases have been seen whose degree of 
anaemia is intermediate between that of Cases 2 and 3 , one was a woman of 
about 35, the other a girl of 16 No doubt the milder form bf the disorder 
will be found to be of fairly frequent occurrence throughout the island It is 
regretted that time was not available for a fuller enquiry into the histones and 
haematology of the relatives 
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PENICILLIN IN THE TREATMENT OF EXPERIMENTAL 
RELAPSING FEVER IN RATS 

BY 

E S ANDERSON, Major, R A M C • 

Pathologist 


The expenments descnbed below were earned out on white rats inoculated 
with the Cyprus strain of Borreha reairrenits The human disease caused by 
this orgamsm is a tick-bome mfection (Ormthodorus iholozant), and is appar- 
ently insensitive to arsemcals 

It was felt that the uncontrolled treatment of human cases could present 
httle rehable mformation, smee the number of such cases is small, and the 
disease is notonously irregular m its behaviour, even when untreated Thus, 
the number of relapses vanes from one to four or more, and some of the later 
relapses are so fleetmg in character that the spirochaete may easily be missed 
if prompt examination of the blood is not carried out Also, the interval between 
the imtial pyrexia and the first clmical relapse has been, on occasion, as long 
as 24 days 

Although there is httle uniformity m the incidence of the organism m the 
blood of infected untreated animals, the white rat offered the best possibihty 
of providmg useful data, because of the relative ease of infectmg large numbers 
of these ammals simultaneously 

The protracted persistance of the spirochaete m the central nervous system 
of the rat, and its easy demonstration by the inoculation of emulsified cerebral 
substance into further rats, are of great assistance in disprovmg apparent 
cures with pemciUin 


Outline of Experiment 

An attempt was made to cover most angles of treatment, and the expen- 
ments were therefore divided into three groups 

* I am greatly mdebted to Colonel H T Findlay, d d p , m e , for his encouragement 
and many valuable suggestions m the preparation of this paper, and to Prof S Adler, 
of the Department of Parasitology, the Hebrew University, Jerusalem, for permission to 
quote his unpubhshed results of an mvesbgation of a type similar to that described 

The present paper was subnutted for publication early m 1945 



nrfTOLLrf and xiLAntMO rrm 




Grcwp L — The prophykcUc idrainjitmicm of poUdllin daiuJtiaeoutly 
with, oi within « Ttry »hort tune of the Inocuhtioo of Infected nuteriil. 

Group n — ^The treetmcnt of the developed <h*ea*e. 

Group IlL — ObeemtiaD of the b^herloor of the tpirodnete when meed 
with a aolution of peniaLIin n vtiro 

Further aubdirinaD ww effected from the pomt of riew of doaate. It 
•eeiDcd poaable that t mnatTc aingic doae might an cceed in ndding the animal 
of tplro^etea where intermittent amaUer doaea might fail, parti culari]r when 
the drug waa to be empdo^red prophTfacdcallj Group I waa dwrefore diTided 
into — 

(a) IntCTmlnent doaage commencing 3 boon after mocuhtion. 

(A) Smfie masnre doae at time of inocnhQoo no eubaequent treatcoent. 

(r) Maaam doae at time of Inoculation, followed bj a PTTdl«r doae 3 boon 

later 

(d) Single manire dote at time of moculaoan, followed hj intermittent 
(S-booriy) dotage commendog after a farther 3 boun. 

Group II waa dmded at foUom — 

(a) Intermittent doaage commenciog from the time the animal flnt yielded 
a pMaidre blood. 

(b) A very heavy aitigiei doae in an anhoal known to be poaidre In »pite of 
pTopbylaedc treatmenc For this expet uncut to animal from Group 1 (e) was 
ndhieii 

Toung white nta were tued of a atnin proved to be auacepdble u a 
general rule, to Berrche rtaartrtiu They comprised two Crten U the aaate 
age, and averaged 65 g r amm ea In weight-w./ about 1/1,000 of the avenge 
jimran body weight. It waa therefore apparent that m order to achieve a 
coocentnbm of penlddn timilar to that obtained in the human aobject, 
1/1,000 of the average hrmren dotage tbould be odEzed. Smee 15 000 unlta 
ia tiv uiDtl hTTTTun intermittent doae 15 tmita would bare ctmititated a com 
parable coocectntioa in the nta, but m order to give faiiarea in treatment a 
greater ngnificance it waa deeded to utilize ten dmea this dotage, i.e., tn 
lOtennittent dote of 150 emu 3 hourly 

The alngic maanre dote was ctlculated on exactly tbe tame prtaapie 
, n^ when admmiatered, was equivalent to 24 hairt doaage at once, that b 
1,200 umti. In order to give a rough catimite of nt treatment in cqalnloit 
terns of human tr e atm eot, the doae u nndtiplicd by 1,000, 150 uma nt 

— 150000 umu human 1,200 onitt nt -- 1,200,000 ums human and ao 
oo. 

The drug waa injected hitramuacularly into the thigh in ertry caae. 

An peradllin employed waa aaaajvd by Rammdkamp a technique and 
showed at leatt tbe potency cUimed by the manolacturen. 

Siz of the m rtf Dtten were inoculated w th mfected nutenaJ and 

aaed as controU. 
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Technique of Infection 

Pin adult rat was infected either with blood from a human case, or with a sahne emul- 
sion of the bram of a rat infected previously In either case the mtrapentoneal route 
was utilized, and 5 c c of infected matenal was introduced When the animal developed 
a heavily positave blood (a minimum of 10 spirochaetes to the 1/12-mch field m a thick 
film) 5 to 7 5 c c. of blood were drawn off by cardiac pimcture A 1 t-mch No 19 
gauge needle with a short bevel and specially sharpened pomt, was used for this operation, 
which IS rarely fatal 

The blood was defib nnated, aspirated mto a second sterile synnge, and ipjected 
mtrapentoneally into the experiment^ animals, m equally divided doses If msuffiaent 
blood was available, it was diluted with sterile normal sahne until the desired volume 
was reached A minimum of 0 1 c c of undiluted blood was mtroduced mto each animal 

The animals were- exammed at least once every 24 hours followmg moculation, by 
making thick films from the chpped tail 

Results , 

GROUP I PROPHYLACTICALLY TREATED ANIMALS 
(a) Intermittent dosage commencing 3 hours after inoculation, and main- 
tained 3-hourly for 78 hours , 26 doses , total, 3,900 units 

Table I 

RATS 1 AND 2 TREATED WITH PENICILLIN 160 UNITS 3-HOUHLY COMMENCING 3 HOURS 
AFTER INOCULATION AND MAINTAINED FOR 78 HOURS 
Neither of the animals showed a positive blood at any time 


Day following 
moculation 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

Rat 1 

— 

— 

— 

— 


— 

— 

— 

— 

— 


— 

— 


— 

Rat 2 

— 

— 

— 

— 

— 



— 



— 

— 


— 

— 


fCej to Tables 

+ + + + Parasites uncountable -b Less than 10 parasites to itr' field 

+ + + 60-100 parasites to field — No parasites found in 100 fields 

+ + 10-50 parasites to field 


(i) Single dose of 1,200 umts at time of inoculation No subsequent 
treatment 


Table II 

RATS 3 AND 4 TREATED WITH PENICILLIN 1,200 UNITS AT TIME OF INFECTION NO 

FURTHER TREATMENT 


Da> following 
inoculation 

2 

3 


6 

1 1 

6 17 8 

9 

1 ! ' 

1 1 

10 i 11 . 12 1 13 

1 1 1 

14 

16 

16 


S 

s 

a 

+ 

+ 1 + 1 — 

S 


■ 

■ 

■ 

Rat 4 

s 

i 

+ 

+ 

-1- + 

B 


5 

B 

B 
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rixjaLLC* Aim uumxo rm* 


(c) 1,200 imlts at time of inoculation folknred bj * — 

(1) A further 1,200 umtt after 3 boon. Tfei animal (Rat 5) ihtured 
apirochaetci oo the 2nd day and reiapaed on the 4th day It w*t aim employed 
in a later experiment, Grtrap II (i). 

(2) IntermitteQt doaa^ 3 hooriy foe 78 been — an addltjooal 3,900 oma. 
No endence of Infecbon derelopcd in thia annnal. Rat 6. 

Taata la 

«ATt ■ AMD * TKUTID WTTB rCOOULOt 1,9)0 tSim TWX OT r«)CIJt-4TKH 
mar 5. — ro ar a n 1,2)0 uxm Arm ) aoerH, 10^)00 cam Oni &a 



(i) 1,200 uma 3 hour* after iBoculaOon. No funber traoseat Both 
Rat 7 end Rat 8 were poaidee oo the 2nd day and both relapsed 

later 


Tarn rv 


MT* 1 AMD a TWATTS wm rtHA.ILIDI 1,2)0 i»m I MOCai ATm rvxxaATKK. 
MO f i rwr an ^waATOsn 


DirT 

fottowkia 



tntocr n TBXATMErr or ttiz nmoom) diwwe. 

(«) Intemnttcnt dosage commenaag after U» firw poaitjre blood film 
160 units 3-botiriy mainttined for 64 hours. Total, 2,700 units. No apiro- 
ebaetes were found on the day following the c omm encement of tre a t me nL 
The 8th day brought a moiocntary relapse and the 12lh day a more tub- 
■tantial one. (Table ^ ) 
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Tahu: V 

RAT TH£.\T11> vsmt TF ICIU tS r>'l IT m T IIOlTtn COMMrvCTNO FROM TIMC HAT 
MTXBiD ro'in%T tiLoon TnrATMrvr MM'TAisrn ron C4 nouns 


Da' follow inK 
inoculitioi 

2 a 4 a 0 7 

1 ' ' 

s 1 in n 12 n 

1 

U 16 

I 

Rat « 

^ + + + 

+ — — — + + + + 

+ + + + — 

“ 

(6) Rat 5, used in Group I (c), w is given 10,000 units 
at which time the blood contained numerous spirochaetcs 

on the 6th day. 
Flic blood was 


ncgalnc on the 7th dij, and did not show further spiroclnctus during the 
penod of ohscri'ation On tlic 2^th daj following infection, the inimil wis 
<^acnficcd the bram tmulsifitd in normal sihnu, ind introduced into lltc 
pentoneal caiitj of a fresh rat I'hc litter sift)wcd i positiic blood 2 dijs liter 

GROLP in fn titro FFrrcTS ot ppmciuin on Borreha recurrcntis 

lleaMlj infected blood wis mixed with penicillin in normil nlinc, 1,000 
units per c c , in the proportion of 1 blood/2 penicillin A control of infected 
blood diluted with normal saline in the simc rttio wis ilso prepared, and the 
behatiour of the organisms compared b\ simultaneous observation under 
two microscopes, for more than an hour, at 26’ to .60“ C No difTcrcnce in 
behaviour was noted 

Further examination with the dark field microscope viclded a like result 
Morphologicallj, and in motihtv, the spirochactcs in penicillin behaved exactly 
similarl} to those in normal saline 

The suspensions were placed in the refrigerator overnight (10 hours) 
and subsequently observed microscopically for a further hour at 26“ C No 

Table VI 

BAT 10 TnnATnD WITH rENICILLIN MIXED WITH HTAVILV INITCTED BLOOD IN mOPOimON 
1 BLOOD/S PHNICILLIN (1,000 UNITS Pm CC) 

1 lioim AT BOOM TEMPEHATUnE (20° C ) 

10 HOURS IN RErRIOERATOte 
1 HOUR AT 20” C 


1 

Day ' I 1 2 

3 

4 

6 

0 

7 

8 

0 

inoculation | M E M E 

M 1 C 

M 

E 






Rat 10 — — ' — - 1 - 1 + t 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 











ruiiaujM iWD juumm rtm 


apparent morpboiogicaJ c han ge had occurred in the orgamams Baapended In 
penicillin and again they behared In preoady the aame manner at thoae In 
tahne. Finally 0 15 cc. of the btood-penldllln nuxtare waa mjected mtn 
pcntooeaHy into Rat 10 Tha became poMdae 2. dayi later It b«l rectiTed 
the cqmvaicnt of 0-05 cc. of Infected blood the tjarochactea in which M 
been e ipo ae d for more than 12 honn to a coocentratioc of p^WTTm 
ex cerdm g that crer attained in treatment. 

CONTBOU 

Srx aoimali ttied. Rata 11 to Id 

Tlie reaula demoeatrcte the conaiderablo aanadoo m the mddeiKe of 
theofgamamin tbebkiod danngthelnitialattaci and in the relapses. Oneanlffial 
(Rat 13) faded to ahow a pontrre blood. Another (Rat 15) betaine poaiOTe 
only on the 6th day and nerer anbaeqacntly 

Tk«a vn. 


Dar 

folkrwsit 

tnocekdoo. 


. 

1 ' > 

' ' 1 

a 

I 

1 

IS 11 


11 



+ + + 

d 


+ 

+ + + 

+ - 

- 

+ 

mi 


+ + + 

B 

BBBia 


1 + 

Idl^ 




B 

Sa 

- 



— 


s 

^71 



+ + +' + 

L 

_ |_^ 


If 

-J 



-I 

BB 

If j — 

ttTd+ +++ 

+ + + 

1 

S 


Doctnaitct 

It be noted that tbe total oomber of animals employed m the 

prophylactic and therapeutic aeries was too anuS to raise the resuhs to > 
atatiatical lercl of atgmficaacc Generahaation horn these experiments » 
tlrfrcfort nnpoaaible, sltbough, ts will be seen, the major weight of endenca 
does not farour perdolDo as an effccttro therapeutic agent 

Rerjerraig the erpenmoits in propbyhTia, it o apparent that those rats 
m which dosage was mtermjttcnt (Rats 1 2 and 6) did not abow ngns of iofec 
QQQ. This argues a possible spirocbaettodsi effect of penidflm. It mnK be 
borne in "imH, howerer that on ocouioo 0* iafectioo may be rery Cghr so 
that even prolonged search fails to diseortr the organmn (Ttble VII). 
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There was, unfortunately, a shortage of animals at the time, and a repetition 
of the intermittent treatment senes %\as impossible 

Certain results arc quite clear cut, and require little further discussion 
These are found in Rats 3, 4, 5, 7 and 8, all of which had t'arying types of 
massive prophylactic dosage with penicillin Every one of these animals 
developed the mfection, and all relapsed This indicates that heavy doses of 
pemcilhn over a limited penod are without effect on this strain of Borrelia 
recurrentis once it has gained access to the body A similar result w’as obtained 
by Lourie and Collier (1943) working with B duttom 

Tummg now to the treatment of the disease once it has developed, the 
ineffectiveness of the drug is again apparent With intermittent dosage (Rat 9), 
the organism had disappeared from the blood within 24 hours of the com- 
mencement of treatment This is without significance, however, since a 
similar disappearance often occurs within a v'ery few hours in untreated animals 
The factor of importance is the reappearance of the spirochaete on the 8th and 
I2th days, indicating that the attempted stenh/ation had failed 

In the case of massive therapeutic dosage. Rat 5 — an animal which had 
developed the infection m spite of prophylactic treatment — was given the 
relatively heroic dose of 10,000 umts on the 6th day The apparent cure, as 
shown by the absence of spirochaetes m the blood from then on, was negatived 
by the demonstration of the infectivity of the cerebral substance From this 
it IS possible to conclude, cither that penicillin ev^en in high concentration 
was without effect on the spirochaete, or that it may have been effective 
in the blood but was unable to reach those organisms which seem to 
become tissue spirochaetes of the central nervous system at an early stage 
of the disease Of the two, the former view seems more acceptable 

The in vitro expenment demonstrates quite clearly that the drug had 
no effect on the viability and reproductive power of the organism Since the 
work of Bigger (1944), it has been repeatedly shown that pemcilhn has a 
bactencidal effect on susceptible organisms It might reasonably be expected 
that, even if the action of penicillin on the spirochaete were not lethal, an expen- 
ment of the type desenbed would at least render the organism susceptible to 
the in VIVO protective processes, if it were in any way sensitive to the drug 
The development of infection in Rat 10 shows that the in vtiro effect was 
negligible 

Some workers (Lourie and Collier, 1943 , Heilman and Herrall, 
1943 , Augustine, Weinman and McAllister, 1944) report success in the 
treatment of expenmental relapsing fever with pemcilhn Lourie and Collier 
used B duttoni in mice, and Heilman and Herrall used B novyi in mice 
Both sets of workers demonstrated the efficacy of pemcilhn treatment by 
the increased survival rate and disappearance of the spirochaete from the blood 
of infected animals Final proof of ehimnation of the mfection by inoculation 
of emulsified cerebral tissue from treated mice into susceptible animals does 
not seem to have been attempted 
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maOLLIM AND ULAntNO rTTlB 


Prof S ACUJI And Dr R. Atuaa^ uimg ttnm« of BorrrS* ctcnlltr to tboM 
of the wntcr htTe ctmcd oat a comf>arab)e aerie* of tipcTnaeott, alao with 
nejatiTe rcxulti (pcraotitl coauDunlcatioa). 

It u wcQ kacrmi that tome ttek^bome ttraini of relipcmf ferer art ttaltant 
to araeoicala, Thit u partkulirlj tru« of the Cjrprun infection, and a caae 
wts encountered m wbkb a fifth rtbpee octurred in tpltt of anenical treatment. 
Such ftrama poieai i piralld reaiatance to peniaOm, which wouCd etpbm 
the dir eigm t rwiha 


StnoiAJtr 

1 Mkuve doK* of petudUin adromfatettd orer a ahort penod were 
ineffective in the prophjkctic treatment of BorTtfia nevrmtu inf^on m the 
wUte rat. 

2. Intermittent prophyUebe dosage appeared to prevent the d i Tcto p eaent 
of the diaeuc. 

3 lotenaiaent dosage tEd not cootro) the drvekped disease 

4. Peruttaice of the LofecQon b the central nerroDi rratem of a rat was 
uninfluenced bj relidvelT huge doacs of peucQIm adroigiatered cartf b the 
£*eaae. 

6 In vttn oposure of the aphoeba etes to the action of bgb ctmeesi 
tratiocii of did not affect structure, motffitjr or lofectinCT' 

6. The above cacduaao* aaj ve>)y be tppficable to cmain stnm* of 
BerrtUa, iince other wocim repon succea* b the ireatment of etpenmental 
relapsmf ferer with pemdlhn. 
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COLLAPSE OF THE LUNG AND POROCEPHALOSIS 

BY 

FRANCIS E STOCK, mb, bs, frcs, dtmh, 

Formerly Medical Officer, Colonial Medical Service, Nigeria 


Infestation with the larva of Armtlltfer armtllaUis {Porocep/talus anntllatus) 
IS rarely diagnosed dunng life for only rarely does it produce symptoms In 
an excellent review of the literature. Cannon (1942) states that “ almost all 
t e mfestations of man recorded have been discovered accidentally at autopsy 
when the parasites appear to have no connection with the fatal termination ” 
He records frpm the literature, however, fourteen cases and adds a fifteenth 
case himself, m wbch at autopsy infestation with A amiillatus was found to 
be the cause or a contnbutory cause of death In these fifteen cases the 
trequency with which the vanous organs were affected was as follows Lungs 
and pleurae, 6 , hver, 5 , memnges, 2 , lymphatic glands, 1 , intestmes, 1 
A tew cases have also been recorded in which Armillifer infestation has been 
emimstrat^ during life radiographically or during surgical operations No 
Mse has so far been recorded in which pathogenic infestation with A armillatus 
has been diagnosed during hfe 

The case of lobar collapse of the lung recorded here cannot with certainty 
sai to e due to infestation with A armillatus, but the apparent absence 
cause, together with the presence of a calcified nymph in the 
^ ^ ^ vicmity of the bronchus, is very suggestive Wntmg of cysti- 
cercosis M^son-Bahr (1940) states that “ after a vanable penod determined 
^ ^ of the host, the parasites die and often undergo a 

*' tissues surrounding dead and degenerating 
Th undergo active degenerative changes with marked cellular response ” 
®^toment certainly apphes in equal measure to porocephalosis, and 
th reason to suppose that the second does not also apply Whether 

frnm^th^ dead parasite itself or to the sudden release of fluid 

He K ^ contauung cyst, it is not possible to say with certainty In the case 
thpn^h^ if the collapse is attributed to Armillifer infestation, 

hn-uB k ^ ^ustjie due to the escape of cyst flmd for the parasite must 

een dead for some considerable time in order to calcify 



ICL 


roHOcrrEALoju 


Cjg Rxfovt 

A miJe Ibo nitire, E. iged 40 fccn, compUxned of the ruddoi OQ»et 
of acute pam m the ngtt tide of the ch^ in the mld-axiUtry Ime, For 2 or 3 
daya prerioualj he had complained of aome ferer bat no other ijmptma and 
DO mklarU parastea had been dcnunatiaied in the blood. On cnminatKai, 
hia temperature wxa found to be 103* F and rcapiraticm 38 per minute. Hapabe 
rate wat 100 There waiimpaired reaoitaoce in the mid-udlary hne on the nght 
aide, while oo the front of the cheat below the clande wiaan area of hyper rcaon 
ance. Breath aounda were abaent to the imd-axilUry line but on the front of the 
cheat weie tubular in character Moiat aounda were preaent below the dadde. 
There wai no finger dubbing X ray eaaminadon of the chest (ace X ray 
pacture) aboard complete coDapsc of the middle lobe of the right hxng but 
DO other abnomuLlIty bi either btng At the bihim of the right hmg, howerer 
wai a small aetniarcuhrahadew with a definite corberew appearance. Thuwai 
definltdy a caldfied nymph of ArwtSbJer 

The padent waa treated with aulphapyndlnc and made to perform breath 
Ing cxerciaea He made a utttfactoiy rccorery and \ ray eaamljutiaQ 3 week* 
later showed complete re-etpanaioo of the bbc;. The aladow in the regwo 
of the hilnm remrined unchanfcd. 


Suazamir 

A brief refereoce it made to recorded caaea of infestation with AmSh/er 
drmilUtKt in which tiw parutte hat been pathogenic. All these cases had 
been diagnoaed at autopsy 

A of pathogenic infestation anth this parasite a recorded m whkh 
tbe patient made a ntufactary recorety 


REFEREKCES- 

Cajwdn D a. (1W21 Am tr^ AfWl M 4 

MuaDH<Buta,P (IMOX jramaa Tr^t rt l Dirnmn 11 tb Ed. 835 


Loidon > Cm wI . 



Collapse of right middle lobe with calcified nymph of Armtlbfer 
armtllatus 


To fact page 102. 
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THE THIRTY-NINTH ANNUAL GENERAL MEETING 

of the Society held at 

Manson House, 26, Portland Place, London, W 1, 

on 

Thursday, 20th June, 1946 

The President 

Dr C M Wenyon, c m g , c b e , F R.s , 
m the Chair 


BUSINESS. 


Report of the Council for the Year ended 31st March, 1946 

The President, m presenting the Report (which had been circulated to 
those present), said the general conclusion was that we had had a very successful 
year and that the future offered an encouraging prospect for the Society 

Dr Norman White proposed the adoption of the Report This was 
seconded by Brigadier J A SiNTON and earned unanimously 

Report of the Hon Treasurer for the Year ended 31st March, 1946 

The Hon Treasurer (Dr Marriott) presented his Report, together \vith 
the Accounts and Balance Sheet prepared by the Auditors, Messrs W B 
Keen & Co , and approved by the Audit Committee 
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AjniCAi. azxoiAi. umix o 


He wtt Tcry glid to re p ort tint Minton Houte hid been entirely dared 
of debt darmg the year TTie Munon Hoote Ftmd ww, howercr bchi£ kept 
open tnd any tumt recetred would be devoted to expenditure on Mutton 
Houte 

Dr Miuuott also referred to tbe mcmte in Fdkm tubscnptKrnt, to 
the record nomber of compotitioD feet pud, tnd to the tuhttindtl turn of 
jC 409 receiTcd on letting the Lecture HtlL Soaety t income wti 
in mcrette of 020 over the prerkut ycir and the cxcesa of tncocnc over 
cipentEture £819 

Dr C. C CBExmiiAN pcopoted the adoption of the Trewurert Report 
and, on bemg teconded by BripcEer Bom, the monon was orried miani* 
moutly 


Fum fpr or Tuc Aunrr Comiliiu 

The PiaiDETT tixd that two mcmbcTt of the Audit Committee, Dr W E, 
Coon tad Dr J C Ehtoou, were cEgible for re-electioo but Dr C. R- 
AiirES had gone to Egypt lad it would be occt mr y to elect another Felbw 
other ttaa i metnber of Coapal, to fiD Ut place 

Sir PwtUP htAWKCT Bota propotcd the eJeenon of Dr C. A. Hatn » 
I member of tbe Andit Comaurtee in place of Dr AMia ud tbe rt'^Iectioa 
of E)r W E. Cooa tnd Dr J C Bboou. 

Thit wta teconded by Dr Geoikie Macdonaui, tad earned uaininvnitly 


Thit conduded tbe biniaesa of the Anoual General Mectiag 
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Introduction 


The bnlliant researches of Curd, Davey and Rose (1945) culminated in 
the synthesis of the biguamdes M 4330 and M 4888 (paludnne) and the discovery 
of their causal prophylactic and therapeutic action m bird malaria Both M 4430 
and paludnne (M 4888) were found to exert a causal prophylactic and thera- 
peutic action against different bird infections , but whereas M 4430 was found 
to be a causal prophylactic only against Plasmodium galltnaceum and to be 
without action on the blood forms of P caihemenum (P rehctum not tested), no 
definite failure either in causal prophylactic or in therapeutic action was 
encountered with paludnne (M 4888) m birds infected with P caihemenum, 
P galltnaceum, P lophurae and P Tehctum They concluded that these results 
justified the drugs being tned in causal prophylactic experiments and thera- 
peutically \\ith all types of human malaria The chemical constitution of 
paludnne is given below 



NH NH 
il II 
c c 

\N/ \N/ \N 


+ (CHjCOOH) 


-CH 


/ 

\ 


CH, 


CH, 


PALUDRINfc 
(Synonym, M 4888) 

a-p chlorophenyl-w-isopropylbiguanide acetate 
or 

Nj-p-chlorophenyl-Nrisopropj Ibiguanide acetate 


In February, 1945, while in England on a military mission, one of us 
(N H F ), had an opportunity of seeing something of the work being under- 
teken by Curd, Davey and Rose at the Pharmaceutical Laboratones, 
I C I , Manchester A month earlier therapeutic tnals with paludnne in 
malana-infected patients had begun at the Liverpool School of Tropical 
Medicine by Adams and his colleagues, and it was arranged through Dr C M 
Scott and the Medical Research Council that (1) researches on the suppressive 
and possible causal prophylactic action of paludnne should be undertaken on 
expenmentally infected volunteers at the L H Q Medical Research Umt, 
Caims , and (2) therapeutic tnals be made on Australian troops infected with 
New Guinea strains of P falctpamm and P viva\ Since then, supplies of 
paludnne adequate for these purposes have reached Australia regularly by air 



rAlUftUff I> XUABU 


lOS 

Orer 200 Toluatter* h*T« been u»ed in esperitnent* »t L,H.Q Medical Roearcb 
Unit, Calnu, to d etermi ne tbe chetnotbertpeude ectlTity of palodnne ec 
Ttnooa etigea m the Efe cycle of the malaria pamjtc, Tlat New Gmoca 
rtrtuu of P «wtr P ftiapenm and P wularim were oacd b thcae expcnmeoti 
abcold be remembered when coenpanng therapeutic reialca obtained with 
ttnuu from di^exent coontnea. 

TT» Tolonteera were all army penocoel wbo were fit at the beguuunj 
of the expenmenta. None bad aerved u malarial artaa, in the Sootb-Wot 
Pacific, Of had prenoiuly aiifi’ercd from malana, jaundice ayphilu or ntfama. 

Fire mam inTeWgatfota hare been earned out by the LjiQ Mcdictl 
Research Umt at Camu to determine — 

(a) The vahie of paludnne ta a auppreanve agent and caunl prophybctic. 

(A) Tbe Table of paludrine as a thOTpculic agent (achixontiddal action). 

(e) The Tthte of pahtdnne aa a gametodde 

(d) The mode of action of patodnue, with pamcnlar reference to poaaible 
effecta on the pre-erythrocytic or hypothetical cariy e io e r ythrocytic (c,e.) 
forsaa. 

(a) Tone effecta anting from tbe adminhtralion of paludrine. 

Eitecsn therapeirtk malt lo rdapsiog rim malaria are alto m pfasrett 
attpeosHy aelected military boapltaJt on the mainland of Auttrilu (oir 
Appendix, page 152). 

A. SCTPMBIOX MO OCUL P«OrtfTU.TU W IKTTUL ExmatCTTV 
1 FALoraaim Mxujui. 

Se t en teen volonteert takmg paiudnne m ranona daily dotages were bitten 
by a Twable number of aoophclmc mosquitoes {A ptoKtxiMtuJ pmettUba) 
coQtanung mble tporoxoites of New Guinea amauia of P ftlaptrvm In thor 
nhrary glaodt. ranoui hatches used were from 60 to 100 per cent 

mfected the infectkmi in the saCrtry glands raned from light to hiaiTy and 
the tp o r oJo t te age was from 3 lo 12 days. Table I below sets out the detail 
of thM groups with parttcolar references « the degree of infection tnd the 
dosage of polodnoe giren for tuppretnon. 

It should be noted that in Group CIII biung only occurred oo xero day 
and that ptlodriDe was adnomatered tubsequcntly for 23 days (Chart 1). In 
the other groups tbe period of biting leaned from 15 to 26 days and palodmet 
wsa adnnoatered dally throughout tbe penod of exposure sod for 2S days 
tfier the last mfectire tate*. 

Subfnoculations of 200 cx:. whole blood into non fmmune reopicnts were 
performed on the 7th day after exposure from each of the nx volunteers banog 
100 mg daily in Group Clfl and from oce having 25 mg daily Thit 
wat done to det ermine if erythrocytic psraaites were appearing in blood 
at the tmial time. 
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Included m these groups were volunteers (1) taking atebrin (0 1 gramme 
daily), and (2) having no drug therapy They were used as controls for the 
infectivity of the various batches of mosqmtoes and for the subinoculations 


Table I 

VOLUNTEERS USED TO TEST THE SUPPRESSIVE ACTION OF PALUDRINE AGAINST EXPERIMENTAL 
MOSQUITO-TRANSMITTED FALCIPARUM MALARIA 

(First Exposure on Day 0 ) 


Group 

numbers 

Number 

of 

xolun- 

tcers 

Paludnne 



Total 

number 

of 

infective 

bites 

Period 

of 

biting 

in 

days 

Dose 

in 

mg 

per 

day 

Days 

admmistered 

Total 
dal’s of 
administra- 
tion 

CIII 

6* 

— 

— 1 to -t-23 

25 

20 

1 

AWII 

6 

BnS 

— 1 to -4~42 

44 

41 

15 

AWIII 

1 


- 1 to -1-42 

44 

42 

15 

Awrv 

1 


— 1 to -1-63 

66 

6 

26 

AWIII 

1 


-1 to -1-42 

44 

42 

15 

AWIV 

I 

60 

-1 to -1-63 

55 

0 

26 

AWIII 

1 

26 

-1 to -1-42 

44 

1 42 

16 

Awrv 

1 

26 

-1 to -f63 

66 

^ 6 

26 


Day 0 ■= day of exposure to infection Day — 1 = dav before exposure to infection 
+1, etc »=■ 1, etc , day after first exposure to infccPon 

* Subinoculations on the 7th day were negatixe in all six cases tested in Group CIII 
control xolunteers haxing atebnn (0 1 gramme dailj) jielded positne subinoculations on the 7t 
da> following last exposure to infection 


Chart 1 — Experimental Mosquito-transautted Malaria 



jiuncnvE 
_MT Bats luSNOCUtATlONS 
100 CC BLOOD 

negative 


ft 


SUBINOCULATION 
200 CC BLOOD 
NEGATIVE 






■■III 

■ ■ ■ 1 1 t t 1 1 1 M f-t -f-f-f-t-t-t-f f f-f 1 

mm 

■■■UU 


‘1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 M 1 1 1 ' ‘ ■ 


Patient PPL P (t^^ent^ mfecme bites on cla^ ; 

nil ,.x , . , f 1 A»x hrforc the infectne bites and ccasinc: 2J 

Paludnne(0 1 gramme daiK), commencing 1 dm and 1-12 

da>'s after the mfccti\c bites Subinoculations 

follow ing exposure to intcciion 
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rAtuiiiAi nc xaxajoa 


Ortr 200 Toluntecn htre been o*ed in eipcncoenti tt LJLQ- MedtaU Reaeudi 
Umt, CajtTM, to detenmoe tbe chemothertpenbc tctiritj of piKidmu oq 
T» nou* tttgcft m the hft cy d e of the ptruatc. TTitt New Gama 

ttnint of P nrox P fglafunm and P wudtnMt were uaed m tbcae operimena 
•boold be remembcfcd wbeo conipariog tbenpeubc reulc* obtimed wUi 
itnum from different coimtrie*. 

The Tolunteera were all army p erao pa eJ who were fit at tbe hi^mnny 
of tbe experinmta. None had aerved 1 q malanal axeaa, in tbe Soutb-Wett 
Pacrfic, or bad prenoaaly aoffered from malaria. Jaundice, ayphilii or aatbma. 

Fire mam inTcatigatiaoa hare been carried out by tbe ULQ, Mcdtol 
Reaeaich Umt at Caima to detennlne — 

(a) Tbe raloe of pahidnse as a auppreatrre agent and causal prophylactic. 

(h) Tbe value of palodiine aa a tbmpcutic agent (acbizontkidal aetton). 

(c) Tbe vahte of pahxlrioe at a fametoadc. 

{d) Tbe mode of action of paludrine, with paracniar reference to poaable 
effects on the pre-erytbrocylic or hypothetical eauly exociytbrocytK (ex.) 
forma 

(a) Tone effecta anaing from tbe adnuniatrtuon of paluijnne, 

Eztenave therapeutic tnab to rdtpaing vivax raalana are also In pcofreft 
atipedally selected miCtify boapltab on tbe mamiasd of ADanalia (caaSr 
AppendlT, page 1S2). 

A. Scrmmr(X< ako Cataai. Paonmxxti D4 JranAL Eircuusn*. 

1 FALCtTABOM XLOAEU. 

Serenteen volonteen takmg pahtdnnc m various daily doaagea were btUefi 
by a Tsruble nomber of anopbeCne moaquitoca [A, ptactJtlMttu ptactaUtn) 
cuu t ami ng ruble aporcoottea of New Guinea rtrama of P fmk tp ^nm m their 
ailirary glanda. Tbe rartooi batebea uaed were from 60 to 100 per cent, 
infect^ the infcctiaas m the eahraiy glands nned from light to bavy and 
tbe sporoaoite age was from 3 to 12 days. Table I below acts out tbe detail 
of tb» gmupa with particular references to tbe degree of infectioo and tbs 
dosage of pahidnne gireo for auppresnon. 

It aboold be noted that in Groop CHI bitmg only occurred on aero day 
and that pahidnne was admlmatered subsequently for 23 days (Chart 1). In 
^ the other groups the period of bittog vaned from 15 to 28 days and paladruio 
was adminislered da^ thioagbout tbe penod of exposure and for 28 days 
after tbe last infectrre bites. 

Subinoculatiotis of 200 c.c. whole blood into non immune recipients were 
performed on the 7th day after eiposure from each of the an Tohmteers haring 
100 mg daily In Group CIIl, and from one haring 25 mg daily Thi* 
was done to determine if erythrocytic parasites were appearing in tbe blood 
at tbe usual Qme. 
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days after the mfecti\c bites 0\crt Bl malana dcNcIopcd 136 days after infection 
days 9 and 14 


PRBiaiRieneBiBii 

nniRBIBBIBBlI 




3 dayB after the infective bites Possible radical 

»F Experiment 
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puADitm tx HAUnu 


Ajulytlt oj Rttsiltx, 

(e) Dwtt ptdxirtiu tJmnastTatjm. 

fl) No Tohintwfi hcnog paladmie «ijowrd athcr dtmocatrtble 
ptruitet in thick bk»d film* (which wen extiomed duly) Of other endatct 
of OTCTt trahri*. 

(H) Oec cji out of the •ctcd nibinoculmotu performed on the 7tb 
6xj ifter ezpo«ure to mfecdon woe ocsftlvc, lU ■er e a recipient* fcilinf 
to dereJop naJtruL On the other hmd, the four Tolontecn turjof itebnii 
(gnmme* 0 1 dtS^), who were tobukooilated on the 7th daj liter exposare, 
yidded pontive rendu, lU foorrcapleoti of their blood (200 cx.) 
orert imhffnznt tertun frahm. 

(m) Cfinictl foturea of sappieMed milini were inTinibly ibMot, 
ind leocopenu «nd left ihift of the poljmorphonncJeir leococytcs were 
DOt obierved In the lereiiteen Toliinteen tikmg pdodnne On the other 
hind, minor chmcil tymptom ind left pofymorphonudeir ihift were 
present m the Tohmteen hiring iiebnn. 

(it) The control Tolimteen hanoj no luppremre drug thetepy ill 
derdoped demomtnble foniite* lod orert fildpirum naltrii within the 
QOrmil LDCuhttion period, ibcnnag thtt the rtnom of ntfKpfitnei 

u«ed were infectin. 

(i) A/Ur a vuu tf pthtdntt timututrtixoti, 

fi) IfTOpectiTe of whether they bid re c cred • dnJy doie of 25 50 
or too mg not one of the lereotcat vohinteen dereloped ore r t mahri* or 
dcmoutrible puentei In thick blood fihiii ifter r^»ing piludnoe. 

(a) The period of obiemUoo ifter pihidrint idminlitriuoo 

nrled from 40 to 119 diy* In foor ixuuncei cabmocnlxtioin were 
performed on the ll9th diy ifter the but dewe of palndime — ill of thoe 
were nc giU r e , the rectpienu fiOtng to get milim. 

CoWRfMT 

Eiocrythrocytic or e,e. form* were fitrt deicrihed by JiUE* *nd Tate 
( 1937) In retjculo-endothelitl md eodothcbil cell* in mfected chicks (P /W 
ba4ctum) at a time when isexinl pinsitcs were prcKnt in the red blood 
corpmiclei. It was in the nme ipeaei of bird milim (P g*Uut*etim) some 
7 yen* httr th»t Hoff end CotriXTOJt (1944) triced the dereloptncnt from 
the time the •ponwjitc entered the reDcnio-eodothefiil lyitem through the 
first g eneiAli oo of ayptoj oita ind the lecoad genenUoo of mcticryptciioite* 
to the prodoctlcn of uenal erythrocytic pwaitei Though the pre-erylhrocyOC 
form* ire eioerythiucy ti c ind ire probibly identical with the e.e. form* 

Tbrmihaat tbw p«p«T "nU-n u*bti» ii naWd. miid n blood ftVn refm to dw 
■tMrrw ct dttnoraXnhU puntu whtti I c.imn, at Uood w er n Trfiwd n dikk biood 
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descnbed by James and Tate, there are advantages in the present state of 
owledge in differentiating betiveen the “ primary tissue forms ” or primary 
exoerythrocytic forms and the “ secondary tissue forms ” or secondary exoery- 
throcytic forms as suggested by Davey (1944) Neither stage has yet been 
satistactonly demonstrated microscopically in man, but indirect evidence is 
accumulating which makes it difficult to accept any view other than that the 
pre-erythrocytic stage is present in P falaparum and both the pre-erythrocytic 
and late exoerythrocj'tic forms in P vwax 

In a small series of volunteers 25 to 100 mg of paludnne daily was found 
0 act as a complete causal prophylactic against expenmental mosquito- 
ransmitted P falctparttm malana (New Guinea strains) Negative submocula- 
on results, on the 7th day after exposure to infection, indicated that the 
pnmary wave of erythrocytic parasUes from the pre-erythrocytic or early e e 
orms was delayed, inhibited or destroyed Subsequent failure to develop 
1 -^ parasites or overt malana when drug admimstration ceased 
ndicated that destruction of the early e e forms had resulted In the type 
infection induced at Cairns, expenmental results indicate that 
^ submoculation and failure to develop malaria some 6 weeks after 
i^drug therapy indicated complete causal prophylaxis 

paludnne is fundamentally different from the action of 
(SN6911),resochin (SN7618)*, quimne and sulphadiazine 
latirmc affect the early e e forms since positive subinocu- 

ll uZ.T obtained on the 7th day after exposure to infection 

of infection, however, generally follows the continuation 

exnpn^ therapy with these drugs through schizonticidal action In 

lahon anT ^ falciparum malana, early positive submocu- 

mdicate c develop overt malana after ceasing drug therapy 

indicate suppression and radical cure by schizonticidal action 

adeq^te\r^?bf ^ 100 mg daily may be 

when trnnt. ^ ° falciparum malana if admimstration is commenced 

for 14 davQ ^ penpheral circulation and is continued 

there wnnu'K Thus, if paludnne failed to act as a causal prophylactic, 

cidal at ^ every prospect that it would still cure the infection by schizonti- 

admmistPr°pA’ atebnn, sontochin, sulphadiazme or quimne when 

ered daily m appropnate dosage 

fgi nrther information on the true causal prophylactic action of paludnne m 
anri malana will be found in Table V and Fig 1 (pages 129 and 130 

d Table VI and Fig 2 (pages 132 and 133) 


VrVAX MALARIA 


Ten volunteers having paludnne were exposed to the bites of twenty 
mosquitoes (A pimctiilatiis pimctulatiis) with viable sporozoites of P vwax 

* Sontochin and resochin (chloroquin) belong to the 4 amino-quinoline ornur, 

^pounds They Mere patented m Germany — see D RT 683692, Noi ember 13th 1*939 

Put Mere not subjected to extensive biological testing or adequate clinical stiiHv ’ 
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In then oliwy gUnd*. Tlie batche* of moBjuitoe* wtro 84 to 100 per crtL 
tnfectiTe; tiie gUnd mfectiao* medium to hcxry md the ip orotoite ige 3 to 10 
diyt, 

TTie vohmtcCT* tot dinded into two groups (Ttble II). TTie first, 
Group Cl A, consisted of four voluntccn rwrjving 100 mg pihidnne duly 
(Chart 2, page IlOX and the second, Groap Cl B of su To lu nt e cn iroavtflg 
300 mg daily (Chart 3, page 1 10) In both group# paludrme admmtstraboa 
commenced on the day pnor to exposure to infection and was contmoed duly 
tin the 23rd day after exposure wfara the last dose waa grren. Thus the first 
group had a to^ dose of 2*5 grammes sod the second group 7 5 grammes o v er 
s penod of 2S days. 

Submoculitiocta of 200 cc. of whole blood were made fr om the four 
volunteers in Group Cl A (receiving 100 mg paludime dady) on both the 9th 
and 14th days after exposure to InfectivT mosquitoes, ut eight subinocolattoos 
in aU. 

Included m these groups were roluntcers either haring no drug therapy 
or having atebnn (0 1 gramme dally) In sappresurt dosage these Tohmtem 
acted as controb. 

T*im U. 


ocentraca or onar tMumio-riuM 'Brian rma »«* so caascMrruau rsaisns 
o< reunmna ami omdso nuimspa an-BrwmTicK. 

Etpoiun OB DsrO) 


Ontip 

MudraM. 

Swnbaref Dsmerasabla psnriws isd 

v»biDtn0 orsjt mslaTis. 

Dneki 
m#. 
per day 

Durctm ol 
admausln' 
doo (days). 

to Nombaf of 

edtetao*. nltatfnrs. 

Day* KDCa Int don tf 
PibjdtbK. 

a A ' too 
ciB aoo 

-Ito +5J 

-1 to +n 
1 

4 ^ 4 

5 I 

t3(iawsn-liT) 

IS 


Day 0 ~ dey of c^KWUtt *o mfrotoe. Day — I i- day bafbn o u k w i* » hif t cAm 
ly +1 etc. • I CSC., day sflsr Id Isfretaot. 

Font Bjtwxulwr — sen pifo cnwd oa dw Sib wai tom so dw 14di day thm apomn 

AwMfytts s/ RtstUis 

(s) DvriJ^ p4htdnm sdatrMtrfrsXtoK. 

(i) No volunteer in ether of the two groups developed overt malana 
Of demonstrable parasites whilst having drug suppreanon 1 cunm. of 
blood in thick films waa examined dally 

(ii) AU eight submoculationa from four volunteers having pahidnne 
performed on the 9ih and 14th days after exposure were oegadm Sub- 
moculanon performed from a control volimtcer having atebnn In Groop 
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Cl A was positive on the 9th day after exposure, but negative on the 14th 
day, the latter result being attributable to the schizonticidal action of 
atebnn 

(ill) Clinical features suggestive of suppressed malana were absent or 
so mild as to have no significance m the volunteers receiving paludnne , 
leucopenia and left shift of the polymorphonuclear leucocytes were also not 
observed, but thev were present in the volunteer having atebnn 

(b) After ceasttig paludnne adimmstratton (Table II) 

(i) Group Cl A (100 mg daily) All four volunteers developed 
demonstrable parasites and overt malana between the 37th and 117th 
days after the last dose of paludnne (average 82 days) 

(ii) Group Cl B (300 mg daily) One of the six volunteers developed 
demonstrable parasites and overt malana 19 days after his last dose of 
paludnne No clinical or parasitological evidence of vivax malana was 
observed in the remaining five volunteers dunng a period of 70 to 118 
days after ceasing paludnne administration Evidence of delayed secondary 
attacks IS avraitcd 


Comment 

Paludnne m dosage of 100 mg daily was adequate for the partial causal 
prophylaxis of experimental sporozoite-induced vivax malaria With a dosage 
of 300 mg daily on the day prior to exposure, on the day of exposure and for 
the subsequent 23 days fiv e out of six volunteers exposed to the bites of infective 
mosquitoes failed to develop evidence of active malana in a penod of 70 to 
1 18 days after ceasing drug administration, i e , 93 to 141 days after exposure 
to infection In these volunteers paludnne may ultimately prove to have 
acted as a complete causal prophylactic, but no final opinion can yet be given 
as the penod of observation is insufficient 

Subinoculations performed on the 9th day after exposure failed to reveal 
evidence of infection which indicated that the pnmary wave of erythrocytic 
parasites, presumably denved from the pre-erythrocytic or early e e forms, 
had been delayed As all subinoculations made from volunteers having a daily 
dose of 100 mg of paludnne were negative, and as all four of these donors 
subsequently developed delayed attacks of overt malana, it is evident that 
paludnne in this dosage was acting only as a partial causal prophylactic in these 
vivax infections 

3 FIELD TYPE OF EXPERIMENT 
(P falaparum and P vivax) 

A group of ten volunteers was used , eight received paludnne (100 mg 
daily), while two, having atebnn dihydrochloride (100 mg daily), acted as 
controls Paludnne was administered on the day prior to exposure, on the 
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d»y of fim nqXBUTc tod for tbe itib^cqucol 90 Aajt — tint u orcr the period 
of bitmg and for 28 day* after tbe laat ca poa nf e to infectian (Chart 4 page 1 10). 

The penod of cipoauro to infection lta«d 62 day*. Dirfng thia tone there 
were ratcen biting aetaioat m which a total of 130 fakapanim and 120 rmt 
faifectiTe bite* were giTcn to each Toluntecf by Infected ptatetaUUa, The 
mfectiona, therefore, were exceedingly heavy and more mtenae than would 
ever be encountered in nature. 

The batchca of moaqoitoet were from 64 to 100 per cent. In/ectire, the 
Infection* in tbe aalirary gland* were medium to beary and tbe aporozottc age 
varied from 1 to 10 daja. 

The expenment vrai derigned as a field teat and the foDowing atrettes 
and atiain* were impoacd on tlw voluntcen at different turn — 

(a) Heavy eicraae — kmg marches in holly ccentry In a tropical 
were made, nn 30 mlJca in 1 day 89 oolea to 3 day* and 72 mHi-^ m 3S boon 
TTw chmb m the longest marches was from tea Icvd to 2,500 feet. 

(&) Chitling — Toluntecra were exposed to extreme cold, eta., 1 boor at 
— ICT C., with mutimsl clothing and lestncted rDormeni In a refrigerator 
belongtng to the local meat works. 

(c) Adrenalin (I I 000 aolution) — 0 5 c.c was ojected nbartaneoualy 
each hour for sx to aght doaea with the ob}eet of prtdpstxxmg an o reft attack 
of ntakri* if latent Infecaon was present. 

Ajulyns «/ Htnlij 

(d) During pnbidrtM uimmUtban. 

0 No volunteer develo p ed overt malana or minor chmcal features 
suggestive of malana a kfr polymorphonudear shift was never observed. 

(U) Parasites were nercr dcmoDStiable o thick blood Sims from any 
volunteer having pahidiine either doling the penod of cxpocare or dunng 
the subseqiKot 28 days before paladnne adnnrustritiOQ ceued. 

(iu) No reaction* to the various atiesscs and strains were observed 
thrt differed from those of tbe normal soldier 

(iv) No significant degree of anaemia or loss of weight developed — th* 
aicngc haemoglobin value before exposure was 16 8 grammes per 100 C.C. 
and after the last exposure 15 I fTammes per lOO C-c. 

(t) No volunteer spent any tune n bed as a result of malana infection 
durin g the penod of p^drine sdmimstraooo and do tone features ■mi' 
butsblc to the drug were ohserred. 

(i) AJUt nastng puhinmt ninomsinttam 

(t) An the eight volunteer* who had pal dnne(100mg dally) deve l oped 
demonstrable parasite* (P rrocr) and suhtequeotiy overt vitii malana 24 
to 33 day* after the last dose of pnludnne was given. 
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(ii) No volunteer showed any evidence of falciparum malaria after 
ceasing paludnne adrmnistration, and parasites (P falciparum) were never 
demonstrated in thick blood films coUected from these volunteers 

(c) During and after atebnn administration 

Suppression m the two volunteers was adequate while taking atebnn 
(100 mg daily) and the falciparum infection was radically cured by schizon- 
ticidal action of the drug After atebnn admmistration had ceased both 
volunteers developed overt vivax malana 

Comment 

Volunteers repeatedly exposed to heavy infection by batches of mosquitoes 
infected with New Guinea strains of P vtvax or P falapariim were protected 
against malaria attacks by a daily dose of 100 mg paludnne Exercise to the 
point of physical exhaustion under field conditions did not produce any adverse 
effect on the volunteers taking paludnne and they reacted in a manner indis- 
tinguishable from that of normal soldiers 

Late results after ceasing paludnne admmistration confirmed the observa- 
tions made in the experiments mth P falciparum or P vivax infections alone, 
namely, that this drug is a complete causal prophylactic against falciparum 
malana, but only a partial causal prophylactic against \avax malaria in a dosage 
of 100 mg daily when administered for limited penods of time 

4 GENERAL CONCLUSIONS REGARDING SUPPRESSION AND CAUSAL PROPHYLAXIS 

(i) Paludnne administered in dosage of 100 mg daily prevented malana 
dc\ eloping m volunteers exposed to mosquitoes infected wth New Guinea 
strains of P falaparum Actually a dosage of 100 mg daily v as continued for 
23 to 28 days after the last infectue bites, so that if e e forms had sur\'ived 
and produced erj^hrocytic trophozoites, cure would probably ha^e been 
acluexcd by the scluzonUcidal action of the drug In four \olunteers recemng 
25 to 50 mg dailj, similar results were recorded 

(it) Paludnne m a dosage of 100 mg daily prc\ents volunteers exposed 
to expenmental mosquito-transmittcd New Guinea strains of P vtvax det eloping 
anj sjmptoms of malana or malana parasites in the blood while this regimen 
IS continued This dosage acts as a pamal causal prophylactic, but e\en if 
continued for 28 da\s after the last exposure to infection radical cure is not 
effected Suggestue endence of complete causal prophylaxis, howe%er, has 
been obtained b\ administenng 300 mg daily for 23 da\s after exposure to 
infection at a single session E\adence is later cited suggesting that the prolonged 
administration of small doses of paludnne o\er man} months ma\ result m 
radical cure of P max infections 

(in) \ dailv dose of 100 mg of paludnne is adequate for the protection 
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of ToJuntcm reperotUy «po#cd to mixed Timx and fildparuto naJani tma- 
mitted experuDcntallj bj moequtoc* even thoofh the volumeen maj be gfna 
DKCt itrenaou* ezercue xnd expoacd to mtcnae ph^vcii itrenei and 
After couing adminjttntion of the drug orcrt malaria derclopa, bat tbu b 
ctoacd by P vrvmr nerer by P /siap^nm. 

(iv) Sulwooailalicm reauhi obtained at L.H.Q Medical Reacarch Unit, 
Caintt indicate tbit there U a fundamental tbfcrcnce between the rwyl- ef 
actioQ of pahidnne and plaantoqume on the one band, and atebnn, 
reaocHo, aulpbadiazine and qumdne on the other In tbe protecuon of 'robinteen 
■gainst malana Whb pala^ne and plasmoquine tbe initial ware of er ythro- 
cytic pamitea, ongmating apparently from achiiogofiy of the early e c. forma, 
b cntirtlj p rer en ted (P f^psnm) or delayed (P nr«) with tbe other 
group of drugs erythrocytic paraaitca appear at the normal rrfTy»<, btu art 
dotrcyed by the acboondcidai acQon of the drugs conctrocd pnmded they 
are present in adequate ooncentratKKu in tbe blood. Tbe action of atebrui in 
thia regard waa reported to tbia Sooety lut year by FaniLlT and hia coficagues 
(1&45) Faludnne has (be addittootl adrantagc over plaaouquiiK in boQ| 
itsdf an exceDent schrxtmoade 

B, Turner— SomoNTMaiuii. Action 

I ruxzrxKtm iul.uu. 

hlAXCiAmi and ha coUeaguea (1945 1946) reported haWng treated 
twenty two caaes of falopaniiD malanj with pabidrine ranging frm 50 to 
000 mg Cl cry 12 booia for 14 days tbe dmi^ rcapooie was aaiiafactOTy in 
all uaUnces and no senoua side effects followed the use of ths drug TV 
auboequenc foIIow-up prored difGcult and it was not poaaible to determine tbe 
radical cure rate. 

As prenously reported from the L.1LQ Medical Krsearch Unit (Faikiit 
fi al^ 1946), while tbe smallness of the dose of pahjdnne neceacaiy to control • 
clinical an^ was remaibable, eren more mnarkable waa the firHtmg at Cairea 
that thja reauh rmght be scWered by adnumstration of a small sangio dose of 
the drug. Thus in several cases of overt (idciparum maUrb with bjh parasite 
denctKa U m fouod that a atogle dose of 100 mg. of paludnne resulted ra 
cure and temporary disappearance of parautea aa ganged by the examma 
twa of 1 c-mm of Hood in thick Oms atalned by riel<r method. Paraatcs 
ttu K CTcr shortly reappeared and chnical recrudeaceocca ocoirred. 

WbJle on an atebnn regimen of O-I granune dady a ■ milar reault wu 
noted during ini-eatigaomu at Cairoa m twoindmduala who had both been lofccted 
with a rdaUTtly atehnn-rcamiot atrain of P faiap^nm acquired at liewak. 
The pUama atebnn coocentrationa were found to be nttafactory notwitb- 
standing. pamitea of P Jaiapanm perarated in the blood m demoortraHc 
numbera. ^ each mstance the admlmstoation of a single dose of 100 mg of 
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paludnne led to the rapid disappearance of parasites , they reappeared later 
in microscopic densities despite the continued adimnistration of 0 1 gramme 
of atebnn daily 

Two patients wth naturally acquired P falapanim infection received 
100 mg of paludnne daily for 7 days one was radically cured and the other 
developed overt malana after cessation of the drug 

In three out of three volunteers, expenmentally infected with sporozoite- 
induced P falciparum malana, who were receiving 100 mg of paludnne from 
the 7th to 20th day, radical cure resulted Infection was proved to have 
occurred, for subinoculations undertaken on the 7th day were positive, the 
two recipients developing overt falciparum attacks 

The standard course of paludnne finally adopted for the treatment of 
overt falciparum malana consisted of 100 mg thnce daily for 10 days (total 
= 30 grammes) The results of therapy in 105 cases of sporozoite- or 
trophozoite-induced falciparum malana are given in Table III 

Tabu. Ill 


RESULTS OF STANDARD THERAPY* WITH PALUDRINE IN 105 CASES OF SPOROZOITE OR 
TROPHOZOITE-INDUCED FALCIPARUM MALARIA 


Tj-pe of ir 

ifection 

Number 

of 

courses 

g^^ en 

Secondary 
attacks 
(number 
recorded ) 

Response after the first da> of therapy 

Espenmental 
or natural 

Sporozoite 

or 

trophozoite 

induced 

Last 
day of 
tem- 
perature 

Last 
day of 
symp- 
toms 

Last 
day of 
tropho- 
zoites 

Last 
day of 
gameto- 
cytes 

Experimental 

Sporozoite 

47 

t 

3 

7 

Ijni 

5— 23-(- 

Natural 

Sporozoite 

41 

0 

2 

7 


1— 42-1- 

Experimental 

Trophozoite 

17 

0 

2 

6 

HI 

10— 38 


• Standard couiae of therapy consisted of 0 1 gramme of paludnne thnce daily for 10 days 
(total 3 0 grammes) 


Follomng the institution of standard treatment, it wiU be noted that 
trophozoites disappeared rapidly in the three senes (1 day), that the tempera- 
ture took 2 to 3 days to return to normal and that mmor chmcal symptoms 
persisted longer, i e , 5 to 7 days Though the trophozoites rapidly disappeared 
from thick films the gametocytes persisted for long penods despite treatment 
— ^up to 42 days in one instance 

Seventeen out of seventeen trophozoite-mduced infections, forty-one out 
of forty-one natural sporozoite-induced infections and forty-six out of forty- 
seven expenmentally induced sporozoite infections were radically cured by 
this standard course of treatment 






TT>e oTcr-tll ndicsd cure r»re exceeded 990 per cent, with the itiaiird 
coune of 100 mf of peludnoe thnee dxily for 10 dsyt S gmficinl ttmc 
■ymptomt attnbutible to the drug were not Dbeerred In a amgle inatmcc. From 
the atandpomt of ndlcal core theu rcmhi could barcQf be bettered, and in our 
experience are tupenor to thoae obtajoed with any other anti milanal dmj 
oaed for a «milT period. 

Qmical cure ^na rapidly obtained eren witb very low doaage and there 
was little difference between the rcaponae to the vanoui couraes of treatment 
enumerated abore. The cBrucal rea p onae was not rapid and aymptona peralatcd 
longer than demonstrable tropboioatea in thick blood amcara. Trophoxtatei 
were desied from the penpberal orculaaoD within 2 days In the great majoaty 
of matincea. A aingie dose of 100 mg given to Tolanteeis with OTcrt nalaria 
and nt i me r oua peruitBa, rapidly rendered blood filma ncgxtiTe in 1 e-mm- 
and there w«a iteady if lomewbat alow imp ro f em ent in the chucal condidoQ 
until they felt well Howerer thia condition wta temporary for parantes 
generally rea p peared later fcnd overt maiaiu again dcvciopcd. 

X riTAX MAJLULU. 

Certain featnret hare to be apprecuted to aaseaamg the thenpeotie reaponae 
to pahidrme both to natoril Infections sod In rolunteera expenmeotally in&cted 
wiA New Guinea atriint of P eieoa 

lathe firatinatmoe, the New Gidneiatraiaa ofP raeax used ia experimentt 
at Cklms hare been found to bebare aotaewhat diffeTeody from many of the 
atrairn prertoualy worked with expenmenially ut other parta of the worid. 
Following the pri mar y attack of moderate or aerere aporcooite-iadiiccd rirax 
JnfitJiftn, It u the role with New Gumea atrama for the firit relapse or tecondary 
attack to Buperrene aomo 6 weeki after tbeinfcctiaci, and for the next attack to 
occur acme 12 to 14 weeka after infectiaii. Subsequent attacki were more 
Tmnahle and there appeared to be kmger interraia of freedom- The number 
of tporosoitea inoculsted may be one factor m determining the time madocc 
of the second attack in anbinocuhtloo expenmenta decrcaie m the number 
of aporoxoitea injected tends to prolong both the mcohstton period and tbe 
intemJ between primary and secoodary atiacfca. I-esa information ia arailable 
on secondary tUa^ following the pnmsry attack of trophozoite induced virax 
malaria l^re the longest period oi freedom observed hft been 6 weeks. 

At the L.H.Q Medical Research Unit, Calms, roluoteera were examined 
dmkally befor e infection and crc iy day thereafter It foUowi that tbe chniral 
criteria and progress of tbe mfectioD under such conditionB can be more sccur 
ately determined in expenmentaDy infected Tohinieera than in naturally infected 
patienti in routine hospital practice. 

Similarly the standards of parasitologicil inreatigation were much more 
eiactiDg Actually 1 c.mm. of blood (appromnitely 1 000 high power 6clda 
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of thick blood films) itos examined microscopically in each case before a negative 
report was made , this represented a much more thorough search for parasites 
than could possibly be made in laboratones doing routine blood films for 
malaria parasites At the Liverpool School of Tropical Medicine Maegraith 
and his colleagues (1946), in their therapeutic studies on patients treated with 
paludnne, examined 50 to 100 high-power fields for parasites in thick films 
The following courses of paludnne have been used for the treatment of 
volunteers with overt vivax malana — 

Course I Paludnne 1 0 gramme daily for 14 days Total of 
14 0 grammes (Course commenced with either 1 0 gramme daily, or, if 
there was vomiting, with 200, 300 or 500 mg daily for the first 3 days and then 
1 0 gramme daily for the next 13 days ) 

Course II Paludnne 300 mg daily for 14 days Total of 4 2 grammes 
Course III Paludnne 300 mg daily for 10 days Total of 3 0 grammes 
Course IV Paludnne 100 mg for 1 day Total of 0 1 gramme 
The vanous groups of men treated have included volunteers with expen- 
mental sporozoite- or trophozoite-mduced malana and soldiers evacuated from 
New Guinea with naturally acquired malana Table IV sets out relevant data 
concermng the results of therapy with paludnne 

Table FV 

RESULTS OF THERAPY WITH PALUDHINE IN SPOROZOITE AND TROPHOZOITE-INDUCED VTVAX MALARIA. 


'lumber 

of 

course 

Total 

paludnne 

(grammes) 

Type of infection 

Number 

of 

courses 

given 

Secondary 
attacks 
(number 
so far 
recorded) 

Response after the first 
day of therapy 

Experimental 
or natural 

Sporozoite 

or 

trophozoite 

mduced 

Last 
day of 
tem- 
perature 

Last 
day of 
symp- 
toms 

Last 
day of 
para- 
sites 

I 

14 0 

Expenmental 

Sporozoite 


6 

4 

8 

5 



Natural 

11 


— 

2 

6 

4 

11 

4 2 

Expenmental 

n 


2 

3 

10 

6 

n 

3 0 

tf 

Trophozoite 


0 

2 

6 

6 

IV 

0 1 

*1 

Sporozoite 

8 

— 

6 

8 

7 



IF 

Trophozoite 

2 

1 

3 

6 

8 


* Considerable difficulty was experienced in differentiating female gamctocytes from degenerating tropbo 
ites affected by paludnne For this reason clearance of the penpheral blood refers to disappearance o 
metocytea as well as trophozoites m thick films 


Comment 

(i) Clinical Response The clinical response to therapy was not rapid, m 
that the temperature did not reach and remain normal (^c , below 99° F ) for 
some 3 to 6 days in volunteers treated for expenmental sporozoite-induced 
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maltni they v.en not feehns retlly fit for »ome 7 to 11 dap after coanueaQiij 
thcnpy Little ngmficaot cfiSercnce wta noted bet w ee n tlw respoiHc to t^ 
different counei of therapy Volonteen with cipenroental rnalana, b ow er g 
were allowed to hare orert malarU with hjfh temperattirea for *cTeii] dip 
before tberapy wai commenced irtatmcnt wa> acldom irntiitfj r mtTT they 
had been confined to bed for 2 to 4 daya. On the other band, ordinary addien 
admitted with natoral infectioni were treated aa aoon as the ^ mj l jm 

was eatabfiahed they were not allowed to hare prolonged ferex before rceemng 
therapy and their therapeutic response was more rapid. 

(b) Paraate Gftrojut Parastea were cleaied from the penpberal arcola- 
OonwithmStoSdapofcororDenangtherapy After 24 to 48 hours the parasrta 
were atber degenerate trophazatea or gametocyte*. As remarked premudy 
difficulty was experienced, especially m thick films, in dlffcrentiatiDg feroalr 
gametocytea from dege n erate trop bo a octet, so it was cot possible to dcta miDc 
with certainty when aaenal pzrantes finally diappcared. In Table I\ the 
rate of clearance of parasitei appeara to be partly related to tbe mitia] dcaate 
of paJudime at tbe slowest deaiancc was obaerred in those Toluntcers rtcehmg 
a single dose of 100 mg. pahidnoe. Howerer it has been generally obserred 
that the greater the parasite density at comroencetnent of therapy the more tbe 
time required before the penpherml blood la cleared. 

The reaponse to pthidnae of nrax infecticms acquired m Icdia, Bunm 
and tbe Me^terranean area haa been inrestigated by Anua and MAnatUTV 
(1945) and MaiciAmi and ha colleagues (1945 1946) CUolcal core 
was obtaiited in 147 cases of acute vlnx makru treated with pahidrme m 
doses ranging from 10 to 700 mg grreo er e ry 12 hoars for 14 to days, ho 
serious tide effects of tbe drug were o b ser i cd. In meal cases tbe airmal 
parashes are stated to hare dt aa pp ea red from tbe blood by the 4th day cf 
treat m e nt and the sexual parasitei hy the 5th day There was rardy more than 
one nse of tcmpeiature abox-e normal subsequent to the beginning of treat 
ment Tbe dinica] and parasitokigical response to paludrme ohKrred by 
MsxaurrH and hs coOetgues (1945 1916) appears to hare been sooewhst 

more rapid than those at Catrot. This may be due to a number of hetors each 
as difference in intensity of infecticxi, Tanatwa in the strain of nrax psndtc. 


or differences in tbe rnmrsl and ptarasltological standards adopted. 

(iu) RmUcoJ CvTt As yet msaffictent time hts elapsed to assess tbe 
proportion of rKlIcal c ur es as determined by tbe occurrence or absence of 
secondary attacks. As is seen m Table six Tohinteers dereloped l ecoTwta ry 
attacks fofkrwmg tf«»T s p y for tponizaite-fndticcd nrax malaria ertn after Ifl 
gramme of fiahidnne was given dsily for 14 days tbe period of freedom from 
malaria m these Tohmteen who dereloped secondary attacks after Coarse I 
vaned from 29 to 80 days. Fercr occurred between the 29th and 84th day bi 
serenteen naturally ac qim e d rivix Infections recemng Course L oo relapse* 
have been r e real ed sufficient time:, howerer has not elapsed to assess the 


ngmficance of these results. 



N HAMILTON FAlBLEi 


123 


Two out of four volunteers ■with sporozoite-mduced -vivax malana, who 
received 300 mg of paludnne daily for 14 days (Course III), have developed 
secondary attacks 

One volunteer, treated with a single dose of 100 mg paludnne (Course 
IV) for overt vivax malana mduced by the inoculation of trophozoites developed 
a subsequent attack , another volunteer so treated has not relapsed for 66 
days and may possibly prove to have been cured of his infection The number 
of volunteers who have been treated for overt trophozoite-induced ■vivax malana 
IS too small to warrant any detailed analysis of results No secondary attacks, 
however, have been recorded follo^wing the admimstration of 300 mg of 
paludnne daily for 10 days (Course III) to four volunteers ■with overt 
trophozoite-mduced •vivax malana 

3 Mixed Infections with Vivax and Falciparum Malaria 

Vanous courses of therapy have been given for overt mixed malana (i e , 
due to both species of parasite (P falaparunt andP vtvax), but the total number 
of volunteers treated at Caims is small Five expenmentally infected volunteers 
or naturally infected soldiers have been treated with Course III and two ■with 
Course I The response differed m no way from that observed with either 
falciparum or vivax malana alone — the type of response depended on whether 
■vivax or falciparum parasites predormnated 

Late results of therapy will probably correspond with the observations 
already recorded, namely, radical cure of falciparum malana and chnical cure 
of ■vivax malana 

Of forty-one soldiers from New Guinea who were treated for overt falci- 
parum malana ■with paludnne, 300 mg daily for 10 days, twelve developed overt 
■vivax malana within 19 to 33 days after recemng their last dose of paludnne 
None, however, developed recrudescences of malignant tertian malana 

4 Quartan Malaria 

Two volunteers \vith expenmentally transmitted P malanae — one ivith 
a sporozoite- and one with a trophozoite-induced attack — have been treated with 
paludnne The volunteer ■v\ath sporozoite-induced malana received paludnne 
1 0 gramme daily for 14 days , the one with trophozoite-induced malana 
received paludnne 300 mg daily for 10 days 

The clearance of parasites from the penpheral blood ■was not rapid — 5 days 
in the volunteer wth sporozoite-induced malana, and 10 days in the volunteer 
Mith trophozoite-induced quartan malana The chnical response was rapid, 
but neither volunteer w'as as lU as the average \ olunteer treated for ■vivax malana, 
nor were parasite densities m the penpheral blood so great Last temperature 
of 99° or over was recorded 3 to 6 days after commencing therapy 

Insufficient time has elapsed since the end of therapy to enable any opimon 
to be expressed on the possibilitv of radical cure 
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5 OEraAL CtKtCUJOOW KKlAMaMO TOEfcArr iCHlIONTTaDU. icnax 

(«) Ptludnse u tn effidmt tchixontiadc for tbs cCnical cure of erperi- 
lOcntiUy Infected Toiantem or •oldien mth orert B T or M.T naiim 
doe to infection with New Gmnea itninj of P rtroar or P fdap^m. 
Iti outetindug merit n t tcidzontlade u iti aixhty m DOtHnuraiwi to 
rexJre orert itTirti of faJaperum and vnru mahroi when admimatcrcd n one 
Engle doee of 0 1 gratanM or more* Thi» tbould enable overt makru 
in Dttrre village* nd epidemics of blapcrum mtUna occurring In niths 
popuUQora to be rspidlf controBed bj a tingle dotage regitaen inathoted it 
wttUy mtcrvili. Direct therapeuttc effect! wiwld result from ichiiooticulil 
action, but In addition tuppreacioa and causal prophj^axk, related to tbe unw 
of drug admlnktratlon, would eEmlnatc or modify a comidenble proportion 
of fresh mfectiara. 

(i) Tbe chnical res po n s e was not more np d than tbe rcapoose to quioiae, 
atebnn or aontochin and a ppea red to depend on tbo durttion of overt malsrls 
before therapy commenced and on tbe pataEte dctsitles m the pcnpfaeral blood 
at tltf Ume treatment started. From thw rjewpcsni, rolunleeta, who wee 
berrUy Infected tod in whom treatment was oftm withheld for a Tanety of 
rtaaou, were more diScuh subjects for thenpeuue tesong than were natunOy 
infected troo p s from New Guioea. 

(r) Tbe clearance of trophcooitcs &om the poiphoal blood was rapsd la 
faldparum makna and less so in eiasa malsria, wbm tbe esatu Ume was not 
preosely determined owing to tbe £ffieuhy cf dtstingushing dtg e acj ariag 
preseboemts and female gametocytes. Tbe rapt£ty of deaiance depended 
pnmarily on tbe density present at tbe commeticcmeTit of therapy In falo 
parum infectiom blood fUms were usually nefsnve tfiei 46 bours therapy — this 
was probably related to tbe normal behaviour of P falaptmm in ttiot in that 
it dtsappeSTi from tbe penpberai circulatioi) to on dejgo sebbegony and at tba 
stage palodnne prodoces its effect 

{i) Radical core of falaparum mslarn was rtsihly obtained by pahiddnc 
wben given in a doaage of 300 mg daily for 10 days — cubty-acven oat of 
nghty-cigbt iporoxoite induced infections and seventeen out of sevcnlctp 
irophosoitc induced mfccnona being cured by ibis course of treatment 

(r) Radical cure of sporoxottcHuduced ivaa malana was not rtguhriy 
obtained cten when a course of paludnnc 143 gramme daily for 14 days was 
given. At tbe present stage of the mveangation some secondary sttschs hsvt 
been obaerred after each of the different courses used, but they are fewer than 
would lore occunrd previous courses of ibeiapy employing quinine, atebrin 
and plasmoqinne been used. Radical cure of tropboxeste induced vivax malana 
was readily obtained by palodnne as with most other anti malana drugs. 

Tbough cure mav be otrt si aed bf as LtUe as O-I (ramme, hrger doasT* 

vouU natnrsllv b« kubcated tor tnmaaeai otm own attack. 
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prodoctioQ be affected by pthdnoc tod then 00I7 beernae the pnmary trap 
henoite ware wa* checked before gametogoof had began. 

(f) OH tfu $txmMl eycU polnJrau ntrtUd by Uftciti meajBtoa — 

Motqurtoea i‘nE< tf ged partully cn a normal peiaoo taking 100 mg of pafedimc 
daily and were ti*n allcnred to complete tbcir feed 00 another panent wuh 
gimetocjtei m the blood. The control groop fed only on the gametocyte 
earner In the controls there was a heary gut and nhrary gland Infectwc, 
wbcrcts In the nwaqmtoes, which had fed on blood cootammg pahidnne 
oOcyits formed In the gut bat died sntbout gr o win g and tponnottes completely 
faded to derelop m the sahvaiy gtand. 

In two expenments when the pahidnne blood feeds were portponed untd 
the oOcysts were 5 dsys old In the first experiment and nearly msture in the 
aecond, the subsequent sporoaatc rate in the mosquito remained unaffected. 
As sctire nuclear efirtsion must hare been occurring m the fonnatjon of spoco- 
xoites, rt would appear that palodnoe was either not penetrating the cyst, or 
if It did so failed to attain sn adequate concentration. 


Combmms 


( 1 ) In therapcotie dosage pahidnne affects neither the morphology bot 
number of fakapannn gimetocytea already formed, nor directly mhibiu tbeu 
prodtwtMO. When pakdnoe was pven sofBoentlT early in the attack to cut 
abort the tropboKate ware, the garoetncjte ware was nituralJy smulariy redu^ 

( 2 ) Though ingested faldparum garoetoeytes may undergo cxfiageOatlon 
and ferufiiation and even reach the stage of eneyitment in the gnt, dcrclopinefit 

this point If pshidrine be present in eren a smaU quanuty Complete 
.tenfixation of the Infection may reault in mosqmtoes recemng a blood feed 
as early u 1 boar after a dose of 100 mg. of paludnne has been adrninistertd. 

( 3 ) If fakipsnim gatnetocytes persut m the Wood for a long enough perwd 
iftcr^pahidnne idminlftratwn ceases they may regain their infecti ity once the 
drut h« been completely etiminsted. FuP infectiTity has been obserred to be 
re^ubfisbed by the 12 th but not the lOlh day after completion of a coarse 

I of 300 mg duly for 10 days. 


2 . P rrror 

/,) Enid cf fbiinMt o« msrpk^Jtty •.i I*, •cmhtr / [mtacyW — 
Pakd^rproduc^i no demkd offcct on the morpholojT ^ -nru 
dottcable in Itdntd filn». I" pcnpnrtnm preratnda t 5 day. afttrf 
«» midtu^od Iho gunnocjtc .ppanred ijd ^ pigarat 

^iSomncJlT npU U 

’ ' - . . _f .— W fomwt mnerocTtes m 1. 


chajactcnancaiij i.F“ “""r", , \\ 

nddbitod tbo antty of ntnly fo roed t noCT ooylaa .A ^ 
In the nnmbee of c«n«ocTlii waa eommonl 
Jar of tnnnnent. To a leaner depee tUa p 3 
S^anth^qnmme a.ehrm Boi plaBnoqnine Oaan., 
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m* fubfeqoeoUj denred- In thl« cniimer the a vttrtj coodrtfom rf tha 
expenmcnt mon oetrijr tppro*ch tboK cxotiDg m the body 

In culture* contimlng pilodnitc tbc p*mite> derelopcd u fir u oAj 
•chbooti. Progrca tm halted at tbc stage of dla p cm on of cbrooutm before 
any dirnkm had takm place. These forma then became Tscoobtcd and nroOen 
and nibacqucntly degenerated. No rtngi of the second genenrtwn i»ere tctn. 
In control colture uting acnmt dcrired from an mdlTidijal who had takeo oo 
pahjdiine the normal achiaogtswua cycle waa completed. 


(2) Tkt tffttU of paludnmi om tttxwml paras/o of P falaparum la mo. 

Owing to the fact that In P ftlap^nm infection schoogooy tikca place 
in the internal organa and that usually only ring forma and gametocytea are 
formd In the peripbeial blood, there waa Cttle o pp o r t uni ty for studying the 
effects of paludrioe on tbc early scbixont stages in pedpberal blood smean in 
man. Howerer m one patient with a heavy P f^ap^nm Infectloo treated 
wHh paludrlne, amall oumbera of degenerate early schixonta were obserred la 
penpberai btood smeara. Similar degeneraOTe changes In early achoonti were 
ako obserred in marrow ameara from a padent with ottii faldpanun mthna 
obtaiwd 52 biuia after the commeocemeot of paludnoe treatment. It woold 
appear tberefore, that the acoon of the drug ta rrvo ud ta vetr* waa exerted 
on tbe early sduxoata, nuclear dlrWoo bdag interfered with and degenmtiTe 
change* aecsmog fai the cytopham of the partartea. 


(*) Aet*m 0 * pro-tryikoeytu forms 

It will be renumbered that in expenmenu deacribed m Table I page 100 
seventeen out of serentecn vohmtccia reetrvinf 25 to 100 mg of palodnee 
duly for a per»d of 23 to 53 day* after rtposnre to sporoatate-indattd frlo- 
ptrum mabixia failed to derelop overt makm or pirsaites m the blood. 

TTie pfttcnt aerie* of experiment* were designed to confirm whether thb 
result was attribotsble to causal propbykxs, ur mxbeation of the infectioe 
In tbe pre-erythrocytic stage before parasita tp 
ichiiootiadal setuto with destruction of asexual 
to tbe blood and invaded red blood corp 

Results of snbmocnlanon eepenments at 
iQcntally mfected with P foiapmtm hare ah 
Infective with great regulanty 144 hour* + after bii 
of patudnne administratioQ was adjusted accordl 
woe adopted at exact / 

,taga cf the parasite pi ^ P"*' 

erythrocytic forma. I 

S c renty two Tohmf. v *n vanm 

in their saDvary gtoidi. 70 
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ihe infections in their sahvary glands varied from medium-heavy to heavy, and 
the sporozoite age was from 2 to 13 days 

Table V and Fig 1 set out the detail of results m eighteen of these 
volunteers where paludrine was administered m a dosage of 100 to 300 mg on 
more than 1 day Some of these experiments duphcate those already described 
m Section A on suppression and causal prophylaxis 

(1) Analysis of Results tn Volunteers who received 
Multiple Doses of Paludnne 

Essential data regarding these experiments are incorporated in Table V and 
Fig 1 (page 130) 

Table V 


THE ACTION OF PALUDRINE IN EXPERIMENTAL MOSQUITO-TRANSMITTED FALCIPARUM MALARIA 
EIGHTEEN VOLUNTEERS RECETVINO PALUDRINE ON MORE THAN ONE DAY 
(100-300 mg daily) 


1 

Group 

number 

Number 

of 

infective 
bites on 
day "O” 

Paludrme 

Number 

of 

volun- 

teers 

exposed 

Submoculation 
on 7th or 8th 
day 

(4- = positive) 
(O = negative) 

Results 

Dose in 
mg per 
day 

Duration of 
administra- 
tion in days 

CXI A 

20 

100 

— 1 to + 6 

3 


0 

Causal prophylaxis 

CXIB 

20 

300 

— 1 to -f 6 

3 


O 

n w 

evil A 

20 

100 

+ 1 to -h20 

3 


4- 

Suppression & cure 

CVIIB 

20 

300 

4-7 to 4-20 

3 


4- 


CLI 

10 

100 

0 to 4-1 

1 



Overt malana 

CLI 

i 10 

100 

-j- 1 to ~4" 2 

I 



Causal prophylaxis 

CLI 

1 10 

100 

0 to 4-2 

1 


O 


CLI 

1 9 

100 

0 to “j- 3 

1 


O 

n 

CLI 

1 10 

100 

0 to -t-4 

1 


o 


CLI 

0 

100 

0 to 4-6 

1 


o 

* M 


Day 0 « da^ of exposure to infection Day — 1 = day before exposure to infection 
Da> +1, etc = 1, etc , da) after exposure to infection 


The results of these expenments are graphically depicted in Fig 1 
In order to show how the dosage regimen contracted in successive experiments, 
the onginal expenment of 6 volunteers (Group C III) descnbed in Section A 
on suppression and causal prophylaxis is included, but as it has been already 
considered in that section a further description of the results is unnecessary 
A perusal of Table V and Fig 1 shoAvs the following results — 

(1) Paludnne in a dosage of 300 mg dailj administered from the day pnor 
to exposure, on the day of exposure and for the subsequent 6 days, protected 
three out of three \ olunteers completely (CXI B ) A similar group of three 
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YoJuntcen (C\J A.) rccormj 100 mg duly over ib« Mine time period, ilw 
■bcrtred complete protection for cone erer derdoped paxaste* or tn crert 
attack (Chart 5) Subinoculitfoiu made on the 7th orSih day vere aiao negante 
float Toltmteera in both grcnipt, etch of the lix rcciptcnta of 200 c.c. of blood 
faniag to dervlop malarui. 


, Moaoerro-Ta XT> mmj MuatiA. 
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Pahujiiac (t^l — daiiy) cu m P MPt»at I dMy hrfon the ■ifectire Mtn lod 

rrMTVf 6 d«7* after the adredrr bfM. 
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These results confirmed that paludnne m a dosage of 100 to 300 mg daily 
over this penod was acting as a true causal prophylactic in falciparum infections 
Paludnne m a dosage of 100 mg daily, given on the day of exposure and for the 
subsequent 2, 3, 4 or 5 days, fully protected four out of four volunteers (CLI 
Group) None of these volunteers subsequently developed malaria The 
results indicated that paludnne was acting as a causal prophylactic in these 
dosages 

(2) One hundred mg of paludnne administered 3 hours before and 15 
hours after exposure to infection (total of 200 mg ) failed to protect the single 
volunteer exposed to infection, but 100 mg administered 15 hours and 39 
hours after infection protected the single volunteer used on each occasion 

(3) One hundred mg of paludnne (Group CVII A ) or 300 mg of paludnne 
(Group CVH B ) administered daily from the 7th to 20th days after exposure 
inclusive, fully suppressed and ultimately cured six out of six volunteers — three on 
each regimen (Chart 6) Submoculations made from each of these six volunteers 


Chaht 6 — Experimental Mosquito-transmitted Malaria 
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Patient W S S P falaparum (nineteen infective bites on day 0) 

Paludnne (0 1 gramme daily), commencing 7 days after the infective bites and 
ceasing 20 days after the infective bites 


pnor to commencing paludnne therapy were positive, and P falciparum tropho- 
2oites were also demonstrated microscopically on one occasion to the order of 
1 per c mm in two of these volunteers on the 8th day after exposure to infection 
Cure m the six volunteers in these tivo groups was attributable to schizonticidal 
action of the drug 


(2.) Analysts of Results m Volunteers who received Single Doses of 

Paludnne 

This expenment was undertaken at a late date after the war had ended 
Volunteers were scarce and it was decided for the first time to permit officers 
and other members of the L H Q Medical Research Umt to volunteer for this 
purpose Had this not been done this expenment could not have been corn- 
completed Table VI, Fig 2 (page 133), and Charts 7-12 (pp 135, 136) 
deal with the results obtained in fifty-four infected volunteers where paludnne 
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S^mlud^e^flCMOfm' sporozoite-mduced falciparum malana follcnving smgle dosea 
of paludrme (IC^IOCX) ) admimstered at varymg intervals from 3 hfurs Lfoi^ m 
hours after exposure to infective bites (54 volunteers ) 
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w*» gnrn in t *mg!e dox of 10 to l/)00 mg. tdmmijlercd on one occaiioa only 
the time of tdnumicntitJn of the drug rtned from 3 houn before infcctMO to 
192 botif* tfter orpoeure to mfectm bite* (P faiapenm) 

The results trf thltftuiiiamtstsIlyuDpoTtmt ejpenmeot ire geogr tp hnaSy 
depicted in Fig 2. 

(1) Pslodrine, m t single dose of 1-0 gramme pren on the day of espoaore, 

3 hours before biting, fully protected all thrw rolunteCT* from fikipanim 
makna (Chart 7) 500 mg preo at a aumUr tnne foiled to protect one oot of 
three volcmtceTS (Chsrt 8) 300 mg pren at the sanw time to tw) othrr 

vobrntcers foiled to protect one of than (Chart 9), while 100 mg f=n~W to 
protect either of the tuo volutuecTa who received tfarir dose at the tsiue tfane, 

3 hours before bitmg (Chart 10) 

(2) Ptlodnne, m a single doae of 300 mg on the day of erposore 3 boon 
after bttizig, failed to protect the alngle volanteer used. 

(3) Ptludrine, In a sjogle dose of 100 mg pven 15 hours after cipoaarc, 
protected one out of one voluntecf exposed, but administered 24 hours after 
exporore failed to protect the single Tolrateer who recored thia dose (Chart 11). 

(4) Pahidrloe, in a fLOgte dose of 100 mg frven 39 oc 48 hours afW 
exposure to infection, protected all three Tohinteers from faloparum nolant 
50 mg adnumstered cimlUrly 48 houis after exposure protected two oot of 
two TohinteeTS dosea of25 mg and lOing., each adauxoatered to nrorojunteers 
4S hours after exposure, protected one In etch oiitanee. 

(5) 100 mg 50 mg., 25 mg and 10 mg of pahjdnne each admlmstered 
as tmgle doses to two Tohznteers 72 boars after expcmire to infectKn fuOy 
protected iQ eight TOhinteevs 

(6) The expenmeat detailed m (5) was re p e a ted, birr the amgle doses 
were pren 96 hours after exposure. Seven out of the eight Toluntecn were 
fuQy protected, ooe raUinteer who received a tingle dose of 10 mg of paJudrioc 
developing overt matana. 

An experiment at detailed m (5) waa repeated, but the doses vne 
given 120 (Chart 12) 128 or 13I bouis after c\posare ooe sddilloQtJ 
Tohmteer reeesnnf a cmgle dose of 300 mg of pahidnnc at 120 hoars was 
included. All nii»o Tolunteeft were fully protected, 10 mg apparently bdog as 
cffcctiTo St 300 mg of palodnne. 

(8) 300 mg of pahidnoe, 144 bouts after e xp o sur e to infection, fully 
protect^ ooe volunteer but JOO mg faded to prevent cn-ert maUna m two 
vniuiiieera who received single doses. 

(9) 300 mg. of paladrirve foded to protect two volunteers who reedred 
thar aingic dose 168 and 192 hours after mfeetjon 

Casutffir 


The retuha of these experiments confirm our previous finding that pthidnne 
In .ppropnitn iJwtJ, totinj, Ibe pre-^rjthtoqtuc fomu of P ftkifmi In 
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Patipst r J J P fala[>'triim (ten infectne liitcA on i!i> 0) 

Piludnnc (t 0 rnmmc, pom * hnuri licftirc cxpo-iin. to tlie infective bite, 
nctrd nv t true ciiival proplnl iclic, imhn i failini' to dev elop 


CiiAtrr fi 
JO 30 




I i ( t«r* t 


jc'' t t*; I 

I’ ; 




Patihst C K R a /* /a/a/>ari/m (tvvcntj infective bitcA on dn> 0) 
Paludnnt (0 S pramme), riven 3 hoiin before exposure to infective 
bites Overt malam developed l‘> dajs iftcr infection 


ClIAIlT 9 



Patii^ j \v S P falapanm (twenty infective bites on da> 0) 
a nne ( 3 Rramme), given 3 hours before exposure to infective 
itcs Overt malaria developed 12 days after infection 
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It appears causal propM^"^ to its pe^'sten cnerauon of 

smce the ^^as J^ct adversely the pt^ent 

doses (0 3 to 1 ^sufficient to ^ probable fro the 

blood in eoncentra / p^ptozoites) ^ produced bv sing 

and that the ® ^^ations (nietacr>T^«" ^^„dnne has 

t^^o subsequent g remembered t P pr early 

action of this drug ^ ^^^cytic cycle '^^,,,sron at the ^^^,on of the 

In the sso'^^'^ ^ath the nuclea d ^ schizogonous 

>>«" 'ri" ^ 


:r:* « '>»- on Trrwodose 

man, P^^'^'^^^lizogonous c^clc, t e , ^^he ‘if aftir exposure to 

en-throc^nic schizog ^^^^^^^^^ forms are s y ^ ^ 'i^' ^ „ admimstered 

Since these p ^ adnunistere > ^f rbis drug causal 

o' tr'-V of 50 b. » con-P>=<e 

P'«s: " 

r^o-'^To r“w d:;o?ro" 

5 da%' after ^ f exposure to p ^ to 8 daN^ after P , ^ori before 
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endcQCc of mfectton dunng « pcnod of obwmtion hiUnff S7 dxn (Group 

CrX A) 

(4] 1 000 mg. ptluddiK admniutcrtd for 14 dxji cofnjQCQaog 0 itji 
ifter cqKTOC, ftfltd to produce ndlcal curt lo fcror out of t(x TcJuBtctn 
the other two Tolrmteen tboved no endence of mahn * Infc^oo dann; * 
pcnod of 83 to 183 dty» obeemtloo (Group CIX B end Chart U). 


Caur N — ExnHUEVTAt. AloaQOTTo-nuoorni> Malaill 



pATTcrr C. D C P rrtcr (t«cttr^^■oM Wtcttr* bHes cn d«r OV 
PaJodriiM (I-O fr imm * dtOy) tuattnendnc 9 da^t ahtr Um nfccm bm toi astfnc 
S3 daT« efter tha mfectiA b4tta, 


(5) Endeoce of bte atfcki of malana viB be uwgfat m tli the Ntilufitmt 
mcfitioocd abort rrho ntrj hire been radically c u r e d or m whom palodrlnr 
may hare acted a* a complete cxuaal prophylacilc. SuWnoculatloa* were 
pcrfonoed from the two wJunlem who <Bd wot develop mdenee of tmlan* 
and who had rtcehtd paludrioe 1 000 mg daily from the day pnor to eipoaore 
and for the aabaequent 9 dayi The recipienU of 200 cc. of whote Wood 
oo the 60di day after the donor had ct**ed paludnne ad rofnw tnttoa 
thd not develop either demonatrable parasma or endeoce of overt mahna. 

(8) Two Tolunteen who recovtd cither 1 000 mg oo the day of erpoaure 
(Chart 15) or on the day of expcauit and aubaequent day (Qsan 10), and two 



«»' sS <» 






Ysaxidni^ easipe “^^alaria 


___ a • • 

3 Aavs 




ly °'> 




V»e?ore eT-" 

'’Jfer 

. on day ^ 




ssF^ v.„.. 

““^ llcov^non ^ 

KUM 






p Dt«n'' 

■T C , ,tps o’^ 

intecW''® 

. {ot 2 

e (\ 0 B’^^ff^n day 

palndtin ^^ptfnenc'i'^g^jig \ 

intec«°",;^^onday^O 

e and subseq'ie^^ 

exposure . 



PAUDaoce tx nujiaiA 


HI 

xato t QCgttJre Bubuioculitioo foDowme tratment doe* not ncccutnly irufiate 
cure in t nrtx mfectioa. 


CcmmctL 

O 0 the 9ih or lOih d*y •fltr opowre mbinoculatiom were umfcmJy 
oegitivc from voltmteer* wbo wero dtber hiring pilndnDe 100 mg. diDy or 
who hid had 300 mg diJly frwn the d*y poor to expo«rre to the 7th 6xj iftcr 
cxpofure. Tha cootmtcd •btrply with the aniformly poehire fijKling* ra 
Tohmtcm dther hmng no drug thcnpy or who were fully tupproeed with 
•tcbnn, lontochin reiochin or qnmme. Ptumotpilne tad Kl4430* were the 
only other dnigi teited tl Cttrna that canted nmijtr negadre ruHnocuhticn. 
Thw tuhliKiculatKm reiuhi iocficated that the derelopment of the primary 
ware of erythrocytic penntea had been inhibited — preiumably by KtKtn either 
00 iporoxOTtea or pre-cryihrocytlc form*. 

Negatire nibmocuUtlorw od the lOth day after ezpotiur from Tolanteen 
who ertber had I 000 mg paJadnne on the day of expofure or day of ei p oa u re 
tod luhaequcot day and the timOar fintfingi frins voJuntten who had pabdnoe 
100 mg daQy from the day of expoaure to the 4th or 5ih day afterwtrdt, dearly 
uxheate ta aoioQ on pre-erylhroeytic forma. The tnbaeqoeiit coune cf 
theae Tohinteexi and the oth^ mentioned above bu been the derel g pmeat 
of orert maliru. Tho* palodrme aeo u a pamal esuul prophylactic b> 
Hbiting bat not completely deitroymg, the piC ^ ej y L hrocy ti e forma. 

3 CoarhuiMr 

(a) In faldpanini malana paludrine u a true aunal prophylactic as it hat 
a detote lethal effect on the pre-eiythrocytic forma, which are rery raceptible 
a tingle dose of 50 to 100 mg. giren 39 to 131 hours after expoaure affords 
complete protcctioti. 

(i) In TiTU malara palodnne n a parml czuial proph) lacoc in all instances 
and may in certain orcirautance*. be a complete cau^ prophylactic. It ha 
an Inhibitory effect on the prc-aythrocytic forma though thia is leaa aurtnl 
rKjn m Wapanrm malana, and complete cradicatjon does not regularly occur 

(c) Palodrme U 1 powerful and true achlaonucide which produces rts effects 
on ffse early schiront prerenta chro ma tin dirbion and f or ma tion of 
XDCTOioitca. This action is idcoboU in rmi and fsJapanmi malara. 

(d) Pahidrlnc prodoces raifical cure In filoparom infection whh great 
regularity but the proportion of radical com 10 virax infectioo has not yet 
been eatabEshed. There h endenco that better resolta may foUow a sottDcf 
doaage orer longer penods of time than a larger dosage over shorter pertedi. 
This » frfeaumably doe to more prolooged actioa 00 e e. forms. 

fV -ry rJ ?iW mg b p*rtid caassl prophylacu: b tItwi malana. 
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FALCMIMB I9> 


of 1*0 grmmme daily givca in dindcd dote*. At thi$ tuae there w» t 
blood uret coocwitrujon Tim Tohmtctr iru cotaidered to bare had » pre 
existing renal Icwoo not only becaoM there had been tmment albuminttra 
before hi* experimental malant infection and the adrairdatretjoa of pibdna, 
but also becanac a tuboequent reiapae of nrax inalaru wa auodated with t 
•unflar aggravation of bn renal ayndrom^ though no paludnnc had b«B 
admbifatcred. 

Both the urinary and gtatro-mteatina] feanirea were in feneraj of mtiw 
ajgnjficanre they occaaaooed no anxiety were reiated to nutul hub * tf 
pahidriDc in voJimteeri aick with oren nalana, and were readily rcHered by 
dimnnahing the doae of palodrine la the nia_jonty of voftrntcen these 
phoHMnena daappeared within a few daya erm if tl« dotage was not redoced 
— dttappevance of o^Trt matana appeared to play the major part in dna. 

(e) ituxiATOUMicai. cuanoa 

Paludnnc admmitteRd to normal vohxntceia in dotage of l-O gramex 
daily for M dayi produced a alight mcreaae in the number of mrdocyTM — the 
aterage ma x i m um waa 1 15 per ceoc of the total Icucocytea. Whm 10 gramme 
daily waa gireti to rohjateera with ortjt majam there waa a aaajjcot but 
defiiute ioeretse m total myekicyiet with a maxunum effect between the 7tb 
and 10th daya after commeodng therap y -the annmum ir^Teaae waa to 10 
per ceoL of the total leueocytea In tofeeted voluaiem treated with a ringle 
doae of 100 mg of paludnne on 1 day only there was found to be a ihg^ 
mcrctie in myelocytea at the 7th to 10th day after commencmg therapy Th3» 
obter^witOD was reUted to the aubaidcnce of ov e n malana rather than to paladrae 
admiQtatreuofi as 

(1) No appreciable concentration of the drag would be prea ent by the 
7th day 

(q) Prenoua obaerratKiaa bad ahenro that tiua doae produced oo increaae 
in myelocytea in the oonml vohmteera and 

(id) Similar changea had been demonttrated to foOow therapy with 
aiebrin and plainuqutne 

It n considered that pahidnue exerta a direct effect on the hone nurrow 
which ia nxire n u rtyd after to attack of overt malaria u treated. This effect b 
charactcreeed by die traualent appearance of mjrclocytea in the penpberal 
circulation. The d^free of diangc o related to the dose of pohidnne em^yed 
for therapy In omnffected volanteera palodrine was not found to affect the 
total leucocyte count. Overt mahna ttaelf tendt to produce a cetaure 
leuccpaema, but no evidence of an additional dccreaae d the leueocytea or of 
increased teniiaicy to tgianukKytoaia atmbatable to paJudnoc wia ertr noted. 

F Gexaai. StWMUT A.VD CotmexT 

A tenet of expenmenu has been petfonned to determine the anii maUnal 
activity of pahidrinc m volanteera infected with New Guinea atialns of P rrrax 
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EiperimefiU oo »«TttJty-two vdtmiecn mfccted with »pcrnttDite-tmiin» 0 £d 
ftlajmfum mihm wtre dwgoed lo iKemin the effect of paludmtt on diifenart 
■ttge* of the partute, the *poroaoite», the pre-crythnicTtk foma md tk 
•»exu»l erythrocytic fonm In the fim groap of experimentt palming, 
idinini«CTedin»dci*igeof lOOtoSOOmg djQy from the day pnof to erpoKre, 
Oft the d*v of eipcmiTt tnd for the •ubjcqoeot 6 diy» afforded Cttupiett 
protection from mne to twenty infertiT* brtea (P /flhjparwi). Submoodatiom 
OQ the 7th tnd 8th day wer e oegatini «nd orcft malam never developed. Hot, 
ptludnne rra ictiog u a true cantal prophyiactic tffectmg other the iporowrte 
or the pTt-erythrocyUc forma. 

In tsothcT group of vtdtmtm* pihidnne in « dosage of lfX> to 300 ng 
vn» gi\-en daily 7 to 20 d*y» after eipoaarc to mfectjoa (P fglafitnm). Seb- 
moculations on the 7th ot 8ih day tma poaitivc. but aabaeqxttutJy noths 
were parauies d emottstrable nor <fid o rt n imlana derelop Hoc, care wn 
obtained by achzxonbadal action after pansiiea bad access to the 

blood. 

In a third group of volnnteera (fifty four in Dumber) cipoaed to mfectiTt 
brtd (P /affiperKsi) paludnrwTnagiTen in a single doae of from 10 to 1 OOOtty. 
admiiustertd on ooe occsticrQ only llio time of adminotmiaD raned fmta 
3 boun before expoaore tp 192 boura after espoaure to infecnve Htca. la 
goiml, it may be said that while a single doae of lOD mg. given 3 boon befett 
expoaure or mort than 144 houfa afiW expoauxt fried to protret, dtats ef 
50 to 100 tog gave complete protettioa win adnfin is t e ied 2, 3 4 or S days 
after expoaure. It foUowt that the p re^cry t hrcicytic stage d more roxepnhle 
to pahidnne than cither the •poroxostc or the asexual erythr oc yt i c parasitts, and 
thi 50 to 100 mg administered twice weekly at 3 to 4 days interral, should 
afford complete causal prophylaxis against P fmla^tnM infectious. Other 
experiments indicated that, while larger and itpcsted dotes of palodnoc 
completely de s tro y ed asexual parasites this drug probably exerted no lethal 
action on the spoeoioite, the protecdoo afforded by larger doses (I gramme) 
administered prio r to exposure beiDg doe to its persistence la the blood In ■ 
COQcentratKKi adequate to affect the first generadoo of pie-erythrocytie par auto, 
t.f., the cryptoaostes. 

2. nnauFnmc action 

PsIudniK in oon-toxic dosage controls Dsdaru fever and ternunstei the 
cfimcal attack. It is a powerful schtionticidc both m naai and faJdpanno 
nnUris u acts on the csrfy sduaonti mtnfcnng with nodear (chromatoi) 
dtrision. It produces radlcsJ cure in fakaparum rnslam, cighty-scrtn out of 
cighty-eight indlrHioals with fponwwte-Indoced overt atiscks tnd serenteen 
out of srrenteen tropboamte induced overt attacks bemg con^letelj cured by 
300 mg daily for 10 days. Sporozoite induced nvrt IfifcctTon* are not coo- 
ftintly cured even by I -0 gismme daily for 14 days. 
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It IS considered that a course of paludnne lasting 21 days, dunng which 
300 mg would be gi\en daily, would serve as an overall course for cither vivax 
or falciparum malaria This course would produce (1) radical cure of falci- 
parum malana , (2) climcal cure and a prolonged action on the hypothetical 
e e forms in vi\^v malana , and (3) a period of at least 33 days, dunng which 
no infection of mosquitoes w'ould occur In all P viva v infections and in the 
vast majonty of P falaparum infections, there would be too few falciparum 
gametocvtes remaining in the blood to infect mosquitoes after 33 days had 
elapsed Where individuals are not radically cured by such a course there 
are grounds for believing that a maintenance dose of 100 mg Uvice weekly 
for 6 months or longer w'ould prevent relapses and eradicate the infection in a 
large proportion of individuals so treated 

3 DRUG CONTROL OF MALARIA IN INDIGENOUS NATIVE POPULATION 

The outstanding ment of paludnne as a schizonticide is its ability to 
resolve overt attacks of falciparum or vivax malana m non-immune volunteers 
when administered as a single dose of 100 mg or more This should enable 
overt malana m native villages as well as epidemics occurnng in native 
populations, to be rapidly controlled by a single dosage regimen instituted 
at weekly mtervals Direct therapeutic effects would follow' from schizonticidal 
action resulting in clinical cure and subsequent suppression of infection while 
causal prophylactic action would be exerted over a minimum penod of 
2 to 5 days after exposure to infection These observations were made on 
non-immunes and it has yet to be ascertained in natives with premumty 
whether radical as well as clinical cure would result from such a regimen 

Acquired immunity in malana appears to depend on the amount of antigen 
liberated and the duration of its action in stimulating hypertrophy of the 
reticulo-endothehum, specific opsomns or similar humoral antibodies and anti- 
toxic substances The advisabihty of ehmmatmg premumty by produemg 
early radical cure of falciparum malana in tolerant populations subject to 
repeated infections is open to serious doubt Little or no immumty would 
result under such circumstances, residual immunity would soon disappear, 
the population would become highly susceptible and react severely when 
reinfected This was the expenence of Komp and Clark (1936, 1937), who 
treated all diagnosed infections in a highly endemic area in Panama wnth an 
intensive course of atebnn and plasmoqume , subsequently a severe outbreak 
of malana supervened among the population so treated, while in adjacent 
villages, where therapeutic control of the attack and not radical cure had been 
attempted, no such epidemic occurred Sinton (1939), who has made a special 
study of the effects of treatment upon the development and degree of immumty 
acquired in malana mfections, has clearly defined the general pnnciples in 
relation to therapy as follows (1) radical cure in populations of individuals 
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In 'Mum the ctaocei of Ttlofmioa *re companDTclj’ iDjit (2) nj*! 
ctmol cure of etch itttck, but not nuEctl ettre of the mfeetkm in populnw* 
nihle to conmnt infection, mnfecttei md mpcrinfccrioo mth lojh^ 

*nd ipcde* of ptrmte (3) dimed prophykn* by mem* of in 
mu malim druj when mdiTHiail* uq e^wied only ten^wnnly to ef 

frequent infection «nd tnpcnnfcctioo. 

While tbe*e fundzmentally importint pnndpla imdoubtedly v-nM id 
anti-miliml drug* prcnoinly *t the dupon] of mdanoiogijti md i- T fAi- i iw, 
it a highly iiBportmt Unt extcnaire mresagitiooi be undertdeen m iQbgo b 
nulanoiB area to uoettiin (I) the effect* of treating orert itticha of imhza 
m adult* and childrea mth dogle dotes of pshidnce (2) whit Bogle irnUj 
doac regimen of pslodnse mil soffict to coQtml eHnlal matam vjdKm pro- 
dunng ndicsl cure m infants, and In older nauw children and tdula with 
prenmnity (3) rrhat dosage regimen U nece*aajy to produce redicaJ core m 
infimti and naure cfrtldreo and adutu mth pmmmity Premututy iq ■ aadre 
population b etiU bought at the cxorfaitant pnce of chrome anaemia, cacheru, 
cpieoomegily mth lU attendant dangen and losrered resistance to intacurrcst 
disea t es , while the econocnic efficiency and produrtivt capacity of «jch a com- 
municy u greatly reduced. In new of the Increased control of epidemics 
which pahidrine and the use of new inaecuodes Dke DDT should afford, ihe 
pertmest quettMO artses whether ulumatefy it mold not be ufaoder poScy la 
natm nllagea whoe admuuttfitii'e fscdiuo per m it, to produce radical core 
mth pahidnftf and treat epideouca when they arise As long at dstnlntHQ 
and ruppGea of paludnne cWd be assnred les* datoige to the cootcaiBity mibt 
result from lot* of acquired tolerance folkrwing radical cure than the chroac 
ill health and the lots of ener gy and producore effideocy which duraetoiia 
comimmities inflicted with efainme malani. Tha can only lie finally deter 
mined by a long term pohey of controlkd field inresUgttioni eumdiDg cm 
year*. It Is to ^ hoped that undue cooserratnm will not predude mde scale 
tnab of pahidniK in natiTe siQages in byper-endenuc areas both with cod 
without cODCOimtam control measures durected to the endKaum of tfie imect 
rector and its larrae. 

Equally important arc inreatigationj of the effect of admlobtcruig 
paludnne througboot the malans scasoa in countnea like Macedonia where 
nalana transmtsston is strictly Uxmted (May — October). Pronded contmtnty 
of treatment could be ssaured each year malignant tertian mabru and bbd 
water ferer rmghi not only be controlled but eliminated by a regimen 
conttsting of lOO mg of palodnne twice weekly 

4 THE icnos or raunai-'fi err cumctocttei. 

When paludrine vs given m a doaai^ of 100 to 300 mg. duly to fikipanmi 
or viTK gametocyte camera, no effect is ohjerved cn the number oe microscD^ 
appearance of tlw gametocytes in the Wood Only if givem Ttry arty In the 
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attack IS gamctocyte production affected by paludnne, and then only indirectly 
because the pnmary trophozoite wave is checked before gametogony had 
commenced 

Though ingested falciparum or vivax gametocytes may undergo exflagel- 
lation and fertilization and even produce small oocysts, development ceases 
at this point and the oocysts die if paludnne be present even in small quantity 
in the blood feed Complete stenlization of the gut infection in mosqmtoes 
results some 1 to 2 hours after 150 mg of paludnne has been administered to a 
earner In mosquitoes fed on the 2nd day of paludnne therapy vermicules 
may form, but m one instance only did oocysts form (P vivax ) , in those 
fed on the 3rd or 4th day of paludnne admimstration vermicules were not 
detected and oocysts failed to appear in the gut wall 

In earners treated with paludnne, if falciparum gametocytes persist in 
the blood in sufficient numbers, they may regain their infectivity after the drug 
has been completely eliminated Full infectivity has been observed by the 
12th day after completion of a course of 300 mg daily for 10 days Owing 
to the shorter duration of the vivax gametocyte wave, gametocytes are not 
found after a course of paludnne therapy in a vivax earner 

5 TOxrciTV OF PALUDRINE 

The difference between the effective therapeutic dose and the toxic dose 
is very considerable and definitely exceeds that possessed by any other anti- 
malaria drug 

In the usual dosage regimen, such as 300 mg daily for 10 to 21 days, 
significant toxic symptoms were not obsen^ed 

Paludnne in a dosage of 1 0 gramme daily, when administered to volunteers 
with o\crt malana, may produce toxic effects which are not senous and which 
maj be relie\ed by diminishing the daily dose or by cessation of therapy for 
1 to 2 dajs The chief toxic effects obseix'ed have been vomiting and the 
presence of red blood cells, sheets of epithelial cells and occasional hyaline or 
granular cists m the unne Gross haematuna de^ eloped in two instances wath 
this dosage 

A transient increase in myelocytes in the peripheral circulation, which 
occurs on the 7th to 10th day after commencing therapy for overt malana. 
Ins been frequently observed Whether this is a direct toxic result of drug 
action or a specific stimulation by the drug of the mjeloblastic tissue of the bone 
marrow recently released from the inhibitoiy effect of malana infection, has 
not }ct been determined 

^^^ltn given as a suppressant drug, toxic symptoms have never been 
observed wath a dosage of 100 mg for 3 months or 100 mg twace weekly for 
6 months A total of 21 0 grammes has been administered wath impunitj in 
3 weeks b} Maegraith and his colleagues (1946) this amount equals the total 
dosage which would be given in 2 vears on a regimen of 100 mg twice a week 
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I Pihidnne a ejpcnor to aQ fcoown *nti mtUrW dnjg* n. m ooo-tow 
do*»£c, It u a cotnplete otiml prophyltctM: in falapaniin cailaru. 

2. It baa a definite lethal action on the prc-ei7tiirocrtic fonm of P 
/>«nwi which are hJefaly awceptibic thia, a aingle dose of 50 to lOOmura 
from 39 to 131 boura after erpoaore tomfcctiTe bitt»,afiordi complete proteoiai. 
Lethal effect! arc probably not exoted on the tporaoite which appan te be 
intuacepdble to paludnne. 

3. In Tirai malma paJifdrmc acta aa a partial cauaal prophyiactic a all 
Inatancea and aaextttl paraaltci fail to gain acceaa to the blood while the ditt 
la being taken- Dtmng tiua period aubtaoculilroo tc«a are nejaffre. Thu 
augjeata an inhlhitary action on achoogony of the p«-eijthnicytic w f t 
forma, but ther complete eradtcAKm doea not regularly occur and orcrt attKlu 
are Eable to foDow ceaaatkm of the drug. 

4- Paludnne ta a powerful achiaontiade whkh producea ita effect! oa 
the early acbizont and prerenta nuclcaT (chiomuln) dlrnloD and the formstn 
of meroxatet. Thia tctioQ ta identical ib nrax and falciparum maltila. 

€ Fahidnne readily controb the cUtucal attack and prodncca radica] core 
In faldpautim makna with great regularity dgbty-aerai oct of aghty-elftt 
aporoKoite mduced faldparum attack! and a e rentetn out of aerentceo Ciopbo- 
xeit£>tDduced ttacka of orcrt malana were radically cured by a 10 daya t o w 
of 300 isg of pahidnitf daily 

6 In virxx mfecoona chmed cureu alao obtained, but neither the proper 
tioQ of radieal cans prodoced by paludrine tbenpy nor the beat attndard coune 
of trealri^t bai yet been detetnuned. There are grounda for bdrensg dwt 
better therapeutic reaoha, r./ a lower rclapae rate, would follow a amaJIerdaaaie 
over lodger penoda of time than a larger doaage orer a ahorter period — a reaull 
preaoimhiy attributable to more proloogcd action on c-e. forma. 

7 Paludnne caerta no obrlcma p n mary effect oa other the number « 
mtaoacopical appearance of gimetocytea in the blood of the earner The 
number of gimetocytea will be affect^ only if the drug ia glrcn anffioendy 
early in the ov er t attack to terminate the pnaarj trophoxfte ware prematmely 
aoon after the appearance of asexual parastea in the blood. 

8. Tboogfa paludnne »* not gamctoadal m the earner attriliiatioQ of lie 
mfcctiOQ occura in the gut of the moaqinto vector fed on a ftldpaniin or rmt 
gamctocyte earner aa early aa 1 (o 2 boom after the fim dose of the drug h 
taken. Thla atenlcxacon eff ect pertiata while the drug ia being adnunkteml 
and for a rariable period thereafter depending on the dosage taken, Lt untd 
the drag baa been from the body 

9 PiJadnne u rwnarkably free ftocn toxic compllc tt iotu and the difference 
between the cffectiTc therapeutic doae and the tone doae u very eonsMlenb^ 
Apart from IndiTidail idK a y n craay to the drug of which no cxainple to ^ 
»ppaua to ha%t been encowtered, aignificant toxic aymptoma are not bkdy 
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to follow Its use m any dosage regimen adopted for purposes of therapy, 
suppression and causal prophylaxis 

10 Its pre-eminent therapeutic achievement is that m non-immunes a 
smgle dose of 100 mg (1) may terminate a chnical attack of falaparum or vivax 
malana, and (2) is a complete causal prophylactic if given from 2 to 5 days 
after exposure to infective bites {P falctparutn) As a complete causal prophy- 
lactic the dosage recommended is 100 mg every 3 or 4 days, t e twice weekly 
(Wednesdays and Sundays) The potentialities of paludnne for the chemo- 
therapeutic control of malana in the non-immune Europeans, as well as in 
indigenous native populations with premumty, are enormous, and call for 
controlled field investigations on a large scale 
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H. APPENDIX 

Intewm Rctott ox TaimAmmc TiOii in Rft iw gvn 

\lTAX MuAtU. 

(!) TmlATinirr followed BT a UAETTEtAXCI DOn 

(100 AIO ) TWICE WFFTLT FtM 6 ItOXTHl, 

Ai oicCcatcd eUcwhere tbere tfe groonds for beBcnng thAt ndk*l ant 
la vnwi lofectioctA it not merely dependent on •eh'^^*vi d*l ictwo t> lo faki- 
penim mAltm but it rtUted to lethal action of the dnig In cncGctliiig pet tiem 
te. fonni widch are retpontible for maloainnig the infccaon between lelipta. 
If rcltpact are preceded by increaaed achitogony of c.e. fonnt, and If the Lt 
formt are most tutceptible when ODcIear dIntioQ tt iwnirnpg 
therapeutic effeett woold be expected If the dnig wer e p itacu t in the Wood n 
aocb dmea. Thia might be better attained by prclon^d tdimniftratian vnh 
km docage rather than by admuuftntioQ oS a Ugh doaage for a ibort penod 
of time. Chmeal tnah were dented a cco r d in gly 

At 116tb A.G H. tuberculoua panenta and nurtuig ihten with rehpttof 
TiTXx malana hxi'e recored an mmal courae of 300 mg of pahidrme dtiir 
for 3 weekt foDowed by a nainteumce dot* of IDO mg of patndrioe twice 
weekly which u being ctmtuiued for 6 tnootht. Towe effect* were oent 
obserred. The penod of obaemoon on thete caiea bat bees 5 moathi. >od 
up to date Lt-ci. R W ^dxdolt leperta that do mmor or nu_fcr lyinptt®* 
of makria have developed and puialteB have never been focsd m the Nwd 
tmetr*. Before thta, t^paet at tfan botpital bad been frequent both io the 
ptoenti and the ouramg ctafT The reauJti have been parocularly ntnfictay 
for pcmocaly many of the tuberculout pancQU bad dctenoraied after two 
bouts of fever while the relxpae* were ao frequent amoojat the utter* dot 
It had been difficult to keep the *taff op to ttmigtli. For reatora ouffined tbe^e 
it It anticipated that the inddenoc of residual nvav mfectiona, after ibh ® 
montht maintenance doaage ha* been completed wiQ be tmall. 


(2) A coiiFAtiaov or tot taloe or otnNixc flaxmoocine a.xd FALmit^ 
pLAOioQtnio: vF^Tamrr m na kaoical ccai or selaeilxo tttai 

A* both paludnne and phamoquine act at inie cautal piophybctic* o 
kkiparum nulxna. and a* aubmoculation retulta mdicaic that both tbe»e druf* 
have a definite mhibitory action on the pre-erythrocytic parwtet erf P nf** 
cxtnm ve dioKal mveatiganon* oatog a ombtnalion of these drug* 
Initituted at the Il^th, llSth and 115th Mihtaiy Hoapitah on the mainland « 
Australia. At iheae three centre* a comparaoci in the dmicsl and radical cure 
of TTvai malara h« been and it being made by the COj of the 
Dmeon of the efficacy of the Bntah Army cwirtc of 10 days treatment wuh 
qmnlne (30 gram*) and phsrooqinne base (30 mg ) daily mtrodueed by 
and a combmed courte of ptlydnne (0-3 gramme) and plumoquiK bate 
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(30 mg) duh for 10 da\^ The total number alrdds treated exceeds 1,400 

casci.(P rirnx) Itiatooearl) %ct to assess ihe relative value of the two sj stems 
of thcrapj from the standpoint of radical cure, but over a vinable period 
extending up to 0 months, both course-s of treatment have proved superior to 
standard quinine, atebnn and plasmoquinc treatment formcrlv adopted in the 
South-\Nest Pacific In 2^12 patients (Group \) receiving p iliidrine and plas- 
moquinc and 223 patients (Group 11) rceeivmg quinine and plasmoquinc under 
comparable conditions, the relapse rale to date bis been 13 1 per cent and 
13 5 per cent respcctivclv The mean number of previous courses of treatment 
vvas 1 77 and 1 82 m the two senes I he avenge interval between treatment 
and relapse has been 66 5 davs (extremes 25 to 1 H) divs) with piludrmc- 
plasmoquinc treatment, and 31 4 davs (extremes 11 to 8S dajs) with qumme- 
plasmoqume treatment Differences m the rate of excretion or degradation of 
paludnnc and quinine will not suffice to explain the disparilv in time between 
cessation of treatment and reappeannee of pansites m the blood smears m 
the two senes This appears to depend on the inhibiting aetion exerted bv 
paludnnc on the late ec forms m P titux infections 

Enhanced toxicitj of plasmoquinc has not been noted m the paludnnc- 
plasmoqume senes compared with the qumme-phsmoqume senes vthen using 
300 mg of paludnnc and 30 mg of plasmoquinc base dailv 1 he troops gener- 
alh prefer paludnnc and plasmoquinc to quinine and plasmoquinc owang to 
the unpleasant taste of quinine and the nausea, vomiting, tinnitus or deafness 
sometimes arising from quinine administration Cjanosis of varjing degree 
due to methacmoglobinacmia was encountered m both scrius, but out of approxi- 
matclj 1,400 patients receiving plasmoquinc (30 mg dailv) combined with 
cither quinine (30 grams dailj) or paludnnc (0 3 gramme dailj) for 10 dajs, 
the full course of treatment has been completed m all but two instances '1 hese 
were both Australian Ann> nursing sisters with vivax malaria who were receiving 
qumine-plasmoqumc treatment, nausea and vomiting prov'ed so severe that 
a change to atebnn therapj vvas made 

Lieut -Colonel C R Bickcuton Blackburn, m collaboration with Major 
Withers, is following up the subsequent history of these three groups of patients 
m Australia , the final results should afford information of considerable value 
regarding the incidence of radical cure in vivax infections 


Discussion 

The President, Dr C M Wenyon We arc very much indebted to 
Bngadier Eairlev for his most interesting account of the successful investiga- 
tions earned out at Caims under his directions It seems to me that the 
information he has given us this evening supports very strongly the conclusions 
he previously arnv'cd at, namely, that the difference between the malignant 
tertian parasite and the benign tertian parasite from the point of view of the 



IM 


ntccviKn 


penatence of infection*, c*n be« be expUmed on the ba*f* rf <EffeTcn» a 
the endothcbtl dc^■ek3p^*Ia. U would *eem that In the cm of P Jtlaftm 
the hypotbeticaJ endotbcE*! et*^ foDowmf moculitiOQ of *poro*oito pni n 
tbrou^ only two or three cycle* whidi occupy 0 or 7 dayi, where** ib tk 
cm of P trccr the endothelut nage* pemst for many month*, cr erei 2 er 
3 year*, with an indefinite number of cydea. If thi* aatumptioc ti fnr rf^ ct 
may explain why it a to rery difficult to treat benign tertan malaria and ftmly 
ertfficate the mfecnon. It aecma endent from what we hare been idd 
that in paludrme we hare a drug which will cure mihgrarTr teman 
Atebnn u able to do thi* but not quite to caaly In the cue of benign tatua 
malana pahidime ha* proved more •occcaaful than enr other drug, and broog&i 
u* mneh nearer to ita permanent •oppreiaion. Brigadier Fadulet hu tnU ta 
that attacka of bemgo temao malana can be auccea^oUy treated with pahtdriae 
and that if a majatcrance dote of 100 or 200 mg a wt^ U ctntmoed reltpaa 
of be ni gn tertnn malam do oot occur 

It doei a e em probable that it a now pouibk not only to treat attada cf 
benign tertian malana ntafactorOy but aliw to do away with the annoyance 
of re p e ate d rclipats. 

I wtll not take up any more tune a* 1 am me there are many here who 
would Eke to comment on what Brigadier FanoET bn told n* or ask faua to 
expbun oore fully any doubtfol pomta. 

Brigadier f A Staton I ciamder the FeDow* of our Sodcty are «ty 
fortunate in banng beard from Brigadier FAtaunr rwice domig tlw hat 13 
inoDths aoidi important re pom on the ebemetbrnpy of malana. Vie hate 
reaped one of the few benrfu of the war in that the Auitralian Force* hart 
made pontble and hare earned out reaeartbea the reauks of which would 

dec*dci to obtain under pe»c«. It give* me great pleasure to apeak aboct 
the rwarch work I waa fortunate enough to *ee the UboraloTy meaich tod 
tbc dramatic reaulu of its appScatiOQ in the field. Brigadier Fazairr b** caJy 
considered a rcry ^mall portion of the inresl ganona earned out. I thfaik the 
thank* of the tropical world are due to Brigadier ILoirtTOK Fahlet and hu 

for the magnificent work they hare done 

Thu new work on pthidnne it etpeoalJy one of which I think tbc poten* 
tuEtic* are enormou* We have also to thank the LCL workers who hai® 
prodoced this drug for nucatigition. SoennficalJy piludrme xppan to open 
up new fields, espeoaDy that of causal p ropbyiam. Prei-iously ore bad do 
drug except plaamoqume, which the late Colo^ JiiIES found had a tnie caonl 
prophytros but uoforttmately m doae* too high for ordinary tberapecw use. 
We are not uj a poaition to say srbethef or oot paludrme will prore to be * 
panacea for the malana of the world, but the proapecta are very encouragoj- 
It wiH be of great value among the non-imimroc popuhtica*, tuch » the 
arrmea and European* m the trojac* and. apart from those the potsibiliws 
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among the indigenous semi-immune appear to be tremendous The chmcal 
manifestations in such populations, which form the bulk of the tropical peoples, 
are more easily controlled than are those among the non-immunes such as 
the Army sent into the tropics It is probable that relatively small doses given 
at longer intervals may control chmcal manifestations in the former type of 
population and it may be found practicable to go round villages once a week 
and give the majority of people a tablet to swallow We are getting nearer 
what I would consider the ideal malanal drug for suppression, i e , one of 
which a single dose would protect for many months With regard to giving 
this drug to such populations paludrme has again another great advantage, 
m that the relationship between the optimum therapeutic dose and the toxic 
dose is very wide One can therefore give a dose of a relatively harmless nature 
to these people without, so far as we know, any nsk of producmg imdesirable 
symptoms That is very important, because, if unpleasant or alarming effects 
are produced among ignorant people, you will make your drug unpopular and 
an undisciphned population will not take it 

Some later speaker may be able to tell me whether there is any detenoration 
in the potency of the drug, or enhanced toxicity under varymg conditions of 
storage, such as the great ranges of temperature and hunudity met with in the 
tropics where sometimes drugs are stored for long penods to meet emergencies 
I would ask Bngadier Fairley what he thinks about the dosage to be 
recommended for non-immune populations, such as the Army or European 
people in malanous areas, also what for the semi-immune ordinary indigenous 
population of the tropics ? As Bngadier Fairley pomted out, it is interesting 
that the drug has proved to be a true causal prophylactic in M T malana 
and also acts against the e e forms of P galltnaceum but not against the hypo- 
thetical ones of bemgn tertian This ag^ain shows that, while expenments in 
birds may give some guide as to what a drug will do, they give no certain 
mdication of how it will act against all the different types of human malana 
I was pleased to note that Bngadier Fairley spoke of the pnmary tissue stages 
between sporozoites and the pnmary erythrocytic forms as pre-erythrocytic, 
in contradistmction to the secondary tissue forms commonly called e e forms 
It IS often assumed that those two forms are identical, but we do not know 
that they exist in mammalian malana, still less that they are identical 

There are certain questions I would like to ask Bngadier Hamilton Fairley 
about atebnn What are the advantages of paludnne over atebnn and all the 
other drugs, more especially as a suppressor ? Does he consider we are now 
in a position to replace atebnn with paludnne if supphes are available ? Also, 
whether he thinks better results are to be achieved by givmg either atebnn 
or paludnne in very large doses over a short penod rather than by smaller 
doses over a longer penod ? From my expenence with other anti-malanal 
drugs, I consider that probably better results can be obtained, not by giving 
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Tcrj Urge dc»c* far 3 or 4 cUyi, but by umlkr dote* for 10 or 20 dij* b« 
1 wtmld Ktf! lua opuooQ on thf pomL 

I underatuid that wc nmn not go away with the idea that there were U|t 
nmnben of these so-called “ atebnn resistant cases present « Wewak, boi 
that the numbers were so few that they did not detract from the great nUe 
of atebrm in the field. They were confined to a very small propoction of 
people who had been taking the drug m a very irregular m<rin<>r 

Before I dose I would tgata Eke to pay a tribute to the Aunrtbsa Amy 
I taw their antj-maUnil work in the Sokimon Islands, New Gumea, and 
places It was astontshing in the Solomon IsUnds to go there aial see, in pWx 
where 70, 80 90 or 100 per cent, of the natiTc popoU&oD U a noiw 

imnrune force with practically do malanaj aickncsa. 7'hat magm&ent resok 
was only achieved by the great co-operaoon between the asedical serrices and 
the atafE, and that great co-operatioD they owed to Brigadier Hamilton Fahlit 
whose peraatarrecbeas cooTinced the Army of the practKal vahic of atebnn 
auppreiBian. 

Dr D 0 Davej Mr President, I should Eke to pay tribote, on behilf 
of 0r Cem Dr Ron and mysdf to Brigsdicr Fahulft and bh coUcagixs 
for the mtgnificeot work earned out at Ceras The sincsnty of my tnbote 
may be better appreosted If I tell yoa very bnefiy what the results meas te 
os ts UbocatoTy workert. The otrae of any uudaJ mvesogslions made on the 
chemctherspy of malana ■ that ooe u for c e d to vrork with speoes that are 
dxBensat £rra those catnmg human malana. I think we know a great ded 
about OUT Ubotatofy spedca, but neverthefeas the jump we frocn the 
Uboratory to the treatment of tbe htunaD case ts a very tag one Indeed It 
was bad enou^ when we were cooeem^ solely with the chemotherapy of the 
parasites of the red ceUa, but dunog tbe past few yean we have made it worse. 
Throughout tbe war it was tmpreased upon us that what was wanted was no 
riwr e substitute for mepsenne. We were to look further We were to obtua 
a drug winch would aidneve caosal prophylaxis and the raxkcal oiie of bentgn 
tertian malirta. As you know in our search for such a drug, we became 
(fisaplcs of the gospel p r each ed by the bte Colonel S P Jauh — it saddens 
roe that he ts not bm tonight to hear tbe results — and we studied the ebuno- 
tberspy of cxoefyihrocytic forms. In other words, we tried, st mlctwrtJy 
as we were able, to kiD a form of the parmte which had not, and has not y^ 
bea seen lo human malana. Pahidnne ta the best result to date of cor 
rcseaithcs. \\ t were excited about it because of Its action on exoerythrocytjc 
forms, and now whichever way 1 look at Brigadier Faiilit's results, I Am 
forced to conclude that it is scuog. also, on the untfiscorcred cxoerytbrocytic 
forms of human malana. For showing os that our hypothesis concerning these 
fornw ts probably carrect we shsD be ahrsys giatehil to the Curas wwkm. 
But there ts ooe thing that fnghtens me. It u clear that pahidnne h ne* the 
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confident xboot. 'Hie wotk mlh peludnu hts ehcnro deariy l»jw 
It b duK Ubomtoty worken should know the fidd probkmi, tbit die fidi 
workers should sppredite the bhorstory prob terns, snd that, between d 
wtjrkcrs, there sbould be hippy and eothosustic coHabontion. 

Otie reqoett I should Cke to inske to Bn^schei Fsout It vm dec 
from the charts we hare seen that he erpenmeated with i whole ru|e of dm 
mying from 10 mg. up to 1 gmnme. I know he deCberstely sewded far 
toxic egnt. It would b« of totcrest If he would teH us sontethlng shoot 

Dr C. 0 Chtitermtii I mice the apprmsdon of those of os who bsrt 
known Brigadier FaUlct for many years, a^ bare seen the qaahty of hu wwi 
and )ua actinUea, He hat shenra the possibiBty of drsarticolatiiig thei 
tnangle of man, tnoaquito and mslans. Wc have been waned that pahdiise 
may not be the panacea we fookfor the troe paraatkade, but we reahsethstom 
and the moacfoito are hut the nctma in the triangle, and that the tea] tSxs 
b the parasite. If we can coocentrate od dcatroy in g the parasite where a b 
easily found in the human bcing.irehiTe a method of dJsxrticulatisg the tros^ 
Bngadier pAmfr baa shown that it may he possible to bare real causl pmphf 
laxa and real gamctocyte control We should be anxloua to start trying thh ca 
nsdre populations One piece of erideoce we must get bold of first of afl. 
Nothing has been nd shout chUdrcn so far cUldres keep aan y dccaits 
smouldering They do noe snfier so m te nsel y as adults from seme wch as 
yellow fever But m endemic areas where we hire a spleen rste of lOOpcrcesU 
children pay a berry price for their tolerance to mshna, arxl can we knrer the 
price ? \Se«kly doses of quimoe decrease the death rate but prriTirt the 
normal growth of tolermnce. Later fai life there is an attack, the patient b gntfl 
a heavy dose of qmnme and derdopa Wactwster fever What would hipp® 
if the children were taken from Wrth and giren amail regular doses of pahidnae 1 
Would It do more barm than good ? Oi>e might save life for the first 2 year* 
but render the chtldren more susceptible when they get out of control md 
become infected would one have hesitation about the posaibihty of oesiiBl 
a reststsnt strsm by domg that ? Conceivably one might create renstaul lUslw 
of the gunetocytes sikI if ibat were to occur one would be In s worse positsai 
than before I am grateful that Dr Davit has been able to supply nic *iti 
pahidnne for ex p erf mental p ur po se s In a nuanon m Afnca, wh^ it will be 
possible to follow for many years iu effect on a number of chfldren as compawd 
with qumme and cofitrob with no treatment at iff. That evidence we bop* 
to be able to report at some future date and it should be of conader^ble 
value 

Dr F Morgatroyd It baa been a strj great pleaiure and pnvd cp 
bear Brigadier pAntLIT toaiight, and this Society in particular and the wis* 
of Mediaoc m general, owe Um an outitanding debt for hia work, no< 
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for its specific scientific value but also for its striking demonstration of how 
much may be accomphshed when techmcal ability is backed up by energy, 
deterrmnation and ' adequate facihties As the previous speaker has well 
emphasized, this is a most important lesson, the imphcations of which should 
be earned over mto the future 

In his spoken address Brigadier Fairley has obviously not been able to 
give many of the details of the tremendous field of research that he and his 
colleagues have covered, and I should hke to ask him about two matters 
Firstly, as there is evidence that pamaqum (plasmoquine), combined with qmmne, 
diminishes the incidence of relapse in bemgn tertian malana, and as relapses of 
this infection are such a problem in malana as seen m this country at the present 
time, I should hke to ask if Bngadier Faerley obtamed any evidence that combm- 
mg pamaqum with paludnne has any beneficially additive effect or thera- 
peutically synergic action in lowering the incidence of relapses of bemgn 
tertian malana Secondly, although probably blackwater fever in any case 
would be rare under the conditions expenenced, it would be interesting to 
know whether, in fact, any instance of haemoglobinuna was observed when 
treatmg maUgnant tertian malana with paludnne 

Dr Hugh S Stannus Apart from the very valuable work earned out at 
Caims in regard to malanal prophylaxis and therapy by means of paludnne 
desenbed to us by Bngadier Hamilton Fairley, he mentioned one point, upon 
which other speakers have not commented, but which to my mind is of great 
importance, inasmuch as the pnnciple involved may be one of wide application, 
namely, the expenmental evidence suggesting that paludnne acts by mterfenng 
with the normal nuclear division of the malanal parasite possibly by depnvmg 
the organism of some factor taking part m some essential enzymic reaction 
In this connection it seems worth while recalling some of the recent work in 
cancer research and the inhibitory action of colchicine on mitotic activity 


Dr J D King One question I would like to ask Bngadier Fairley 
I was not too sure from his report what was the highest dosage regime used in 
(^ims with paludnne Also at what level of dosage he first saw manifestations 
o toMc effects from the drug, and what the toxic effects were ? 


Brigadier Hamilton Fairley (in reply) The hour is late, and I doubt if 
all these important questions can be adequately answered in the time at my 
disposal 

Bngadier Sinton and Dr Chesterman ha\e raised the question of dosage 
of paludnne to be adopted for non-immunes on the one hand and semi-immunes 
on the other In regard to size of dose and duration of treatment, M T malana 
can be rapidly cured by moderate dosage over a short period With B T 
malana a small dosage over prolonged penods holds out the best prospect of 
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radictj cure. For *uppreKi(jn and causal prophykia m uon-imtoones I »odd 
adrtsc 100 mg of paludnnc twice weeklj giten at 3 or 4 diji intern] mi 
tius rtgimcn paludrloe ts a true causal psophylictic for "M-T mskiu snd i 
suppreaunt and partial causal propbylac^ for B-T malana. For tbenpcos 
100 mg thnce dafly for 10 days produces ratEcal care m ipprotniHtefj 99 
per cent, of P faktpermM infections. In vim malana this trei tm eot can be 
continued with benefit for 3 weeks but better results would foOow a raani- 
tcnanco dose of 100 mg twice weekly for 6 months or longer A dosage rf 
one tablet (100 mg.) weekly is adequate to suppreaa bemgn tertian mahru, bn 
foe radical cure 100 mg, twice we^y would appear pc^enble. 

Hie obserratMni at Carnti that (1) a path dose of ooe tablet (100 mg.) 
may producecEmcil cure of an attack of othefP xrtvaxotP ftlapsnmwaiara 
(2) 60 to 100 mg. of paludnnc given at any time from the 39th to I20th henr 
followingezpoauretoiafecoonlaacausalprophylacticinhLT malana arcoffTtat 
practical import. They raise entirely new issues rtganfang the cootnl od 
final eradKaUnn of malsns m indigenous Dsove populanons. FTtsomsbtj ki 
the preserve of firemunlty the suppressive of curatiTe dooge cnold be further 
reduced and poacbly the time inloval between doses mcitased. At sll c«ats 
It would ■ppear probsble that 100 mg ever y week would act is a causal peepiT 
bctic for many falaparum infections, and produce temporary cfnkal core d 
overt attacki. Whether this dooge arould ever produce radica] enre in 
with p fcmonity has to be ascotasned. The dosage in children also remam* 
to be detemuned, but 10 to 2o mg would appear to be an sdeqxate range fer 
all requuexDeats — 10 mg for auppreasive purposes and 25 mg for therapy 

Dr CuzsTEKMAN rthci the pertinent quotiOD of the danger of cunn* 
malaria iofectroas with loss of premonlty so eipoamg the popufanoo it a 
date to the ravages of epidemic M T mslans. Before premunity ts estabfished 
the death rate from M T maUris m m&nts and ywing chSdrm » Ugh, so'i 
there Is reason to beheve that a tablet of appropriate dosage ooce or t**® 
weekly would greatly lower the tn&ntOe mortality provided reasoniHo coodDOfll 
of treatment could be assured. 

Where pahidrme was given once or twice weekly m the older age grwip* 
and to adults m whom premunity had been estsbhsbed, it would be cMcn™ 
to ensure that the administrsDTe control reapoosiblc for cEstributioo d 
drug in the first place should also be avaOsblc to set pro mp tly in the event « 
an epidemic supervening As already pointed out bi weekly sdmin tiUsnoP ** 
3 or 4 days interval should ensure complete causal prophylaxis the ooc-d^ 
a week regunen would considerably redace the number of infections and Otrt 
bcncficia] therapeutic effects through achiaootiodal action. PrcmaDity is 
dogbtcdly bought at a great price there a « high infantile mortaBty wbue 
chronic malana in the older age groups prodoccs widespread ill heahh, ansen®, 
chronic sfJenoiucgaly cachexia and lowered resistance to secondary infeetioo. 
The economic loss to the community ta man-hours and in working effict®^ 
IS tremendous. In my opinioei, the trine has now come for laige controlled firio 
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expenments m hyperendem.c areas m the tropics to ascertain exactly what 
chemotherapeutic control \vxth paludnne can accomplish in the native villages 
and during epidemics With a very small dosage given at weekly or longer 
intervals it may be possible gradually to acquire a degree of preraunity wthout 
either the high death-rate or the concomitant ill effects of chronic malana 
this proves impossible or impracticable the question anses whether in many 
parts of the tropics complete causal prophylaxis and radical cure of overt ma ana 
should not be frankly aimed at, especially as paludnne will enormously increase 
our chemotherapeutic control of epidemics Furthermore, in centres hke Sout - 
East Europe, where there is a hmited malana season, chemotherapeutic control 
would appear to hold out assured prospects of success, for the only carry-over 
into the non-malana season should be persisting vivax infections Only care u y 
controlled and extensive field investigations will finally answer these questions 
and on such information will be based our future policy on the chemotherapeutic 


control of malana in indigenous populations in malarious countnes 

Dr Davey and other speakers asked about toxic effects No sigmficant 
toxic effects have been noted ivith the usual routine dosage of 300 mg daily 
or \nth a suppressne regimen of 100 or 200 mg weekly, or with 100 mg daily 
In a few cases toxic effects have been observed when doses of 1 0 gramme daily 
have been given for the treatment of overt attacks Such large doses 
occasionally caused vomiting and abdominal discomfort and in one or two 
cases oesophageal spasm tras a possible complication Evidence of renal 
irritation was occasionally indicated by the presence of sheets of epithehal 
cells and red blood corpuscles in the unne In twm cases gross haematuna 
occurred , in one of these 1 0 gramme w'as given in a single dose instead 
of in dmded doses An increase m myelocytes up to 10 per cent 
of the total IcucociXcs atos observed on the 6th to 9th day in certain individuals 
with overt malana while receiving 1 0 gramme of the drug daily , no decrease 
in the total leucocj'tes occurred With the same dosage only a slight increase 
in m}cloc>tcs (1 per cent) was noted m normal volunteers who had not been 
exposed to malana infection 

Bngadier Sintox has pointed out that one of the remarkable features of 
paludnne is the great latitude allowed between the optimal dose and the toxic 
dose Large doses such as 1 0 gramme daily do not appear necessarv, but if 
they are used trouble wall be minimized by dividing the dosage and admmistenng 
It after meals vvath a copious draft of water In overt M T malana vomiting 
appears to be more troublesome when large doses are given and when fever 
IS present , some reduction in dosage mav then be desirable for the first 2 dajs 

Bngadicr Stvrox asks "What are the advantages of paludnne over 
atebnn and other drugs, cspecialH as a suppressor ’ ’’ In mv opinion, 
paludnne will replace other known suppressive drugs for the follovvang 
reasons (1) the small dosage m which it is effective, and the great difference 
between the therapeutic and the toxic dose , (2) lack of toxic features m the 
dosage used , (3) lack of discoloration of the skin , (4) one tablet (100 



mg.) twice weekly t» i complete cxoaal prophyUctJc for NLT nakni tal t 
p»r^ ctiMl prophylectic for B T n»l*na (5) • ilnglc doee of ercn lOO eg. 
hn proved en effective •cfuzontlculo reeultmg m cEctictl cure when ■ 
danng *n oven ettick of nru or felopenim nnlem. One am« 1 l bottk cf KM 
tshleti (100 mg ) would ifford * yetr** euppljr for noDHmnume* or If gma ace 
weekly hi the viHtgei it would comtittite 2 yean ruppty This voold <i>t»| 
easy dlstnbuQOQ »t>H pres om ibly low cost. 

I>r MuxOATiKm) aked wfanher there wa* any added adrantage b ihni 
paludrloe with pbtsmoqmoe. Though no evidence of synergism hat beet 
obtained, both these drugs act on the pre-crythiocytic forms, vfaik ni mti 
infcctiaQs in short co urse s of treatment there b evidence ttist palodriae sod 
pbtmoquine sire much mote efficaooas nian paludiine alone. The coone 
adopted hat been 300 mg of paludnne and 30 mg of pbsmoqmne daily far 
10 days. With thb dosage no enhanced toxic e ff ec ts of phsmoqube bare 
been observed (n Aostraba where many hondreda of patienti have already bed 
treated. To date the results obtained m vnrax malana with oombuied qoiooe 
(30 grains daily) aiKl pbamoqumc (30 mg daOy) treatment bare been mnSir 
to those wTtb palodrloe and pbamoquine, cxtxpt that lo those cases vbuk 
hare relapsed the mternd of freedom from atnek has been apprmdoattif 
twice at Icng in the paludnne ptasinDqume as in the quBBn^>I>bs^tM^l*« 


Dr Sta.’Ctui referred to the eipenioaital endenee that the daef tcsxa 
of the drug appeared to be lo preventmg nuclear dinaioii. Capttin Bwex has 
dearly shown this acaon m cokurcs of P falap^nm, and Ma)or Mtonw* 
and Ueutenaot Ebcole In careful and detailed studica on sDdea of P ocas 
collected at 2 to 4*bourij Intervab throughout the 48-boQr cyde from tttix 
panents recemng paludnne. Similar actxn m infafbitmg dereJoproent of tb* 
oOcyit was noted by Major Macxeiius and Ljcutenant Ebcou in ino*q*®a 
fed on falopamm and vivax gametocyte camera taking pahidnne. Indirect 
evidence of inhihmon of schbogony lo the “ primary Ibsue or pre-erjtbrocytic 
stage of the parasite was obtamed m both Tirai and fskJpmmi Infeviioo* by 
tabuwculation technique. Nothing U known concerning the mechanisin by 
wtiKh DQckar division is prevented. It tKiuiied to me, however tbit 
anyme or co-eniyme systema were involved m the process of nndeir dkrs^ 
interference along the lines known to occur with other drugs mlgbt powitify 
consotote the explanation and provide an avenue worthy of exploration. 


The PmUMit I am sure you will want me, on your behalf, to tbsok 
Bngadkr Faielet for tbe most interesting and instructive evening be b** 
the of givmg us, and to congratulate him and the members of his tfn* 

at Calms for bringing to such a succesafiil issue the Uborwus and painstaking 
inrtstlgatiom on which they have been engaged. It b unpoasiblc to over 
estimate tbe value of the work that has been done 
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THE EFFECT OF ANTI-I\1A.LARIAL DRUGS ON PLASMODIUM 
FALCIPARUM (NEW GUINEA STRAINS) DEVELOPING IN VITRO* 

BY 

ROBERT H BLACK, Captain, A A M C 
(From the L H Q Medical Research Unit, Catms, Australia) 


Introduction 

The mode of action of anti-malanal drugs has long been a matter for 
debate Field (1938) concluded that it was not known defimtely whether 
the curative effect of quimne is by direct action on the parasite itself or indirect 
through mobilization of the defences of the host 

Muhlens and Kirchbaum (1924) added qumine to blood contaming 
parasites (Plasmodium vtvax) and allowed it to act for 5 hours The blood 
still remained infective Chopra et al (1936) were able to kill malarial parasites 
in vitro with concentrations of quimne, atebnn and plasmoqume higher than 
are obtainable m the human body 

Studies have been made on the depression of respiration of parasites 
when anti-malanal drugs are added in vitro to blood containing parasites 
Fulton and Christophers (1938) found that quimne and atebnn caused 
inhibition of respiration of P knowlesi Further work on the same hne by 
CoGGESHALL and Maier (1941) showed that the results of these experiments 
did not always agree \vith the observed therapeutic effect 

Hewitt and Richardson (1943) added drugs as powder and in solution 
to blood infected with P lophurae and mcubated at 6° C They found that 
typical degenerative changes occurred m the parasites when plasmoqume was 
used These changes were similar to those seen in the parasite when mfected 
ducks were treated with plasmoqmne They failed to produce degenerative 
changes with quimne and atebnn 

• This paper is published \vith the permission of Major-General S R Burston, 
Director General of Medical Semces, A A M C 
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Thomiox lod McLillam (1912) tnd Dudckjm »nd CiAm (©17), 
di*ajt»ing their oJtiTitioQ at mdani pirwite*, thoujhl tbit qami« m tk 
pitieoti *er» hid idTenely inSuenced the devdopment of the paniita. 

The wroi of Boex lod OnaLW (1938-39) mth photofluorowopK mm- 
natioti of the pinmta m mookeyi treited with ttetmn indiata that iht 
drug ha »oine direct action oo mahini parantea. 

It ippeari tfatt there ha been no lyatcinatic inTeadgatioo of the effect cf 
anti mahnal drag* oo hum in malma paraita derdoptog n ciiro TTk objerf 
of thh preaent ttudy wa to detennine if there were indeed any effect ff 
•o, a which itage m the achlxogonoua cycle it o ccurr e d . 

Blood from Tohifltceri at L.H.0 Medica] Reaearch Unit, Cairns, Aostnhi, 
wa used for theae rtudiea. 


hlrraon 

The pamta (P fslaparwwt. New Gmna atrama) were cahrrited tt 
described m a prenoua arocle (1913) Blood withdra^ hum the patuat 
wa deffbnnated by atimng and, after centrifuging, the red celh wm tii« 
from beneath the leucocyte layer 

A Hat bottomed teat tube (7 5 x I 25 cm.) va used ta a coltor tobe. 
It contained a layer of infected ceUa under a column of aenun to whsch 9-1 cc. 
of 50 per cent gfucoae had been added. Tbe tnbe wa gndimed tt B cc 
gmng a coKsnn of S cm. of serum. 

Three large drop* of packed red edit were added by dropping fnaa jurt 
abore the surface of the serum, muted by twwtiag the tube, a^ then aQo^ 
to settle. It wa thought that ^s would result in a better admiarure whh the 
aemm th«" would occur if the red ceOs were run m a a layer Red ceOa tf 
group 04 wurc u»ed ao that they would not be agghjdrated or lyied by aenim 
f r om donora bdooging to other blood gro u ps Culturca we re incubated 
aerobically at 37* C 

The achixogoooui cycle in cuhorea of malaru paialtes wa faQy desenbed 
and lUnstrited by Tuoaao.'f and McLfiOAN (1912) but a bnef descnptioo 
of the beharxjur of control culturo of P Jminpmnat cuhivated and stiwEcd 
m thn inrestigatjon will grre a deerer picture of the reaulta obtamed whm 
theae paiaaita are gro w n m the presence of ranoua drugs. 

Small nngi adrance with locrease of cytoplasm and becotne large nof*- 
Parasites ae thi-n seen with irregularity of the cytoplasm (amoeboid fanm). 
At stage some pigment appeara. Next there is a compaction of the eytopl**® 
and also of the pigment (prcKhisont), The chroma tm matcnal mcreaiei and 
bfc r»T >fs sc a ttered throughout the pexwte without definite segmentatkin 
(referred to as early achiroats in tfah article) and then dmdes into discrete 
partidei which rary greatly m number TTie cytop las m coedensa around the 
chromatm particlca and a fully dereioped achuutu is formed containing op to 
thirty meroioitei. Rupture of the adusont with release of the mcrcuottes and 



ROBEUT n BLACK. 


1G5 


the entry of these into other red cells to form young rings can readily be seen 
All parasites do not complete the cycle for a proportion develop into atypical 
degenerate forms 

Usually cultures were made with a moderately heavy infection of the 
order of 100,000 parasites per cubic millimetre in the blood used so that many 
parasites could be examined in a thin film preparation It was observed that 
the times taken for full development of schizonts varied according to the age 
of the trophozoites at the commencement of cultivation In some cultures 
small nngs of the second generation of parasites were not seen before 72 hours 
To estimate the effect of a particular drug on the developing parasites 
serum from a healthy donor to whom this drug was being administered xvas 
used for the culture This method differs from that of Hewitt and Richardson 
(1943), who added drugs directly to red cells containing parasites and incubated 
their preparations at a much lower temperature to prevent haemolysis In 
this investigation anti-malarial drugs were given orally or by intramuscular 
mjection and the sera from the recipients of the drug were used in the culture 
preparations to observe the action of such sera on the parasites m culture 
The drugs investigated in this manner were paludnne (M4888), M4430, 
atebnn, sontochm (SN6911), resochin (SN7618), plasmoqume, quinine, 
sulphadiazine, and sulphamerazine A qualitative result regarding action 
tn vitro was sought rather than the determination of the exact serum concen- 
tration at which the drug was effective In most cases this could be secured 
with the dosage usually administered in the treatment of a patient iff with 
malaria 

Cultures contaimng serum from healthy donors treated with anti-malanal 
drugs were compared with parallel control cultures in which the serum contained 
no drug Samples were taken from the cultures at sufficiently frequent intervals 
(usually every 4 to 6 hours) to allow examination of morphology at all stages 
of development The thin films made from the cultures were stained xvith 
Leishman Differential counts of parasites were made on each sample 

Estimations of the concentration of drug in the serum used m these cultures 
were earned out for atebnn by the Brodie and Undenfnend method, for qmnme 
by the Brodie and Undenfnend method and for the sulphonamides by Fantl’s 
modificauon of Werner’s method 

It was necessary to use several strains of parasites m this investigation 


Results 
Control Cultures 

The behaviour of these cultures has already been desenbed Two types 
of control were used for each expenment Serum from the patient providmg 
the parasites was used for the first and serum from a healthy donor taking 
no drug for the second culture Eighteen control cultures were followed 
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Itrough ichizofony to re-entry of red ceD* by roenaoHe*. TVre wa » 
tpp*rent differeucc m the behiTKior of the partMte In the two typa rfctttrd 
cuhure*. 


PALDmms (hl4S8S). 

nnitcen culture* mnriinmg Tiryiug tniountt of pohjdnne ibenred > rej 
cbir*ctcnitic beiunemr The derelopmenttl cyde proceeded In pmDd mi 
control cuhuret until the early Riga of echoogony were reached. Tten tie 
panuta In cohura containing pdodnne ccued to dcrelop. The 
chromRin mitcml did not diride into defimte tegmenta but becuoe tameikt 
grtnulir The pirtaite tnd ita cootaimng red cell became ewolkn aM TtCDolei 
appeared In the cytoplom. TTie fignre IDuitiata the formatiOQ of the typol 
fontt* teen in thete culturet. That when a control enhure ihowcd completita 
of the cyde with re-entry of red cella by mennoitc* a cnJture con tuning pabdnsc 
ihowod arrcR of derelopmcnt of the paraaita R the ttige of e arly 
tnd theae forma were undergoing degenerttlre cha ngo Thete fonra are 
eeacnttally iimflar to thoae teen in otea of nrix malana (New Guinea ttra 0 ) 
trated with paladrme which continue to orrujatc m the pcnpbenl blood far 
aerertl dtya after the ammenccnimt of thertpy and undogo no fortkr 
derelopraent Degenerate ecrly achizonta wire teen m the red edb of the 
marrow when Remal punetore wu performed on a pabent auffermf £rtn 
orerc &ddpanjm makrm 62 boure after ibe cotnmencement of pthdnae thoW 
and, on one occauco, hare been teen m amall ntonben m the circuliQoci tius 
treatmofu of a bory faioptrum mfecdon with pahidilne. 

No method waa araiLtble for the eatrenation of the palndnne coocentiitiai 
m the aera of these culturei. The thirteen tern used were obtained frocQ dooon 
to wbocn pahidnne wa adminiatemt u followa four oo a courae of I'Ognmiae 
per day one 2} hours after 0 5 gramme one 4 hours after 0-3 grimrae, one on 
a courae of 0-3 gramme per day three 4 hour* after 0*3 g r am me, one 3 hmrt 
after 0-1 gramme, one 2 hours after 0-1 gramme and one I boor after 01 
gramme. Four differoit atramt of paraaita wer e used in these cuhorca. 

An experiment wi* performed to obtam lome Ida of the abtorptwo rate 
of patudrine. A fatting doaior wa* bled at mterrilt after the admimatrstwo of 
0*1 gramme of pahidnne and the aera obtained nted m a aerk* of culturo. "n** 
parauta coenpirted the full cycle in the aerum of the donor collected poor to 
drug ■ftmmutTTtlnn , Cultura m the sera from apccimcm coDceted 1 how 
2 houra and 4 boura after drug admuuatfition reanlted m the typical chmgo 
which have been docribed. A tpeoincn collected half an hour liter tbc dr^ 
w» fwallowtd thowed only partial arrest — tome parauta went throogh 
schizogony srhUe otbcri were arrated at the stage of early aclutont*. 

Another cipenment showed that P fmiaptnm trophozoita (nng formi) 
which l»d been cipoacd for about 3 boura to palodrfnc ia a trated 
dereloped DormaHy when cuhrmed in normal serum. They were armieo 
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Figs 



Fig 1 Normal di\ iding schizont as seen in control culture of P falciparwn 

Earlv schizont from a culture of P falciparum made in serum from a donor to 
tvhom paludnne had been gnen Note early vacuolation 
3-S More vacuolation is seen, then swelling and disappearance of the c\'toplasm 
Failure of chromatin dmsion 
Fig 6 — Disintegration of the chromatin 
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at the early schizont stage when grown in the serum of the patient who had 
had 0 1 gramme of paludnne 4 hours before the commencement of the cultures 
This expenment was performed three times with the same result 

M4430 

Arrest of development of parasites similar to that seen with paludnne 
was obtamed when they were cultivated in serum from a donor taking a course 
of M4430, 0 4 gramme per day 


ATEBRIN 

Parasites were grown in sera collected from donors who had been given 
varying amounts of atebrm di-hydrochlonde orally or by intramuscular injection 
Eight test cultures were made using three different strains 

With serum atebnn levels up to 120 y per litre there was no effect on the 
development of the parasites but with higher concentrations such as 190 y per 
litre and 300 y per litre the parasites did not develop beyond the amoeboid 
stage The amoeboid forms degenerated with loss of definition m the stainmg 
of the cytoplasm and eventually underwent disintegration Many ring forms 
degenerated without undergoing any development The red cells contaimng 
these parasite fragments ruptured and became ghost cells 

SONTOCHIN (SN6911 — ^bi-sulphate) 

Parasites Mere grown in serum from a donor to whom sontochm had been 
given m doses sufficient to secure a calculated plasma concentration of the order 
of 300 y per litre Changes were seen in the parasites sinular to those observed 
when the sera contaimng higher concentrations of atebnn were used as culture 
media A few amoeboid forms appeared and then these and the ring forms 
degenerated leaving chromatm fragments in the red cells 

RESOchin (SN7618 — di*phosphate) 

Resochin 0 5 gramme M'as administered daily to two donors, who were 
bled 2 hours after the mommg dose of 0 3 gramme on the 3rd day This 
ga\ e a calculated plasma concentration of 200 to 300 y per litre 

Parasites growm m sera from these donors showed changes similar to those 
using sontochm Very few amoeboid forms developed These and the nng 
forms showed disintegration of the cytoplasm, leaving only chromatin matenal 
in the contaimng red cells 


QUININE 

Si\ cultures m ere made m sera from donors takmg qumme sulphate mixture 
orally The parasites were obtained from four patients with falciparum malana 
of different strains The serum concentrations ranged between 6 0 and S 8 mg 
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of quimne bue per litre With three *tnm* the ptiwite* did not prT» 
further thin the prcichixont itigB tnd the fomu tyr^ preicnt— nnj, *mn>isy 
md 1 few preschnonti — underwent degencnlioQ irw^ fripnenti&on wilk 
fonmtion of ghoet ceUi from the contumng red Pimitei of the fiwrti 

■trim (Ed undergo ichoogony with re-entry of red r^n* by menaortei bet tk 
cycle ww rctirded *nd the number of eduxonti formed wm Icm m tk 
cxmtrol cnkurei. 


PUUUDQUINZ. 

A donor wii given 0<K2 grunme of plnnwquinc (expresed m hat) 
2 hourly for four doiei He wn then bled 3 boon after the bit doK. T»i 
cuhurei with dUTerent itrtuit were let up tamg the aemm frocn tha deoor 
In one there wn no derelopment of the panutci beyond the formatioo ef i 
few tmodxnd formt. In the otfacr the cyelewta completed after a coendenWe 
delay in the early ctigca. 

tOlPBOHAMUm, 

Two culture* were made onng acrum containing auJpfaadiaxiue 1^7 °4- 
per 100 mL The pemtea derdoped normally up to ibe atige of (Enaioa ^ 
the chromatm mto defimte tegmenta Then the great majority ^ theae achbotfs 
degenerated. The cytoplam derekiped Ttcuolea, and thim to ita Hoe itxh)h)f 
with Leiahrran, ‘Ibe chromatm aegmesta became imgDlar and erestialy 
ghoatt of red cella were aeen cootdnicg paraaite remnant* only Fortho 
obaomtKm of theae eohurea rerealed the appearance of a very few rmg* ot the 
eccond genenbau thus all achironta in the cuhure had not been destroyed 

In a culture made with cennn containing sulpbameraxlne 
100 mL the p araal tea wer e tlow m derdoping compared with the controls. Hot 
also were seen degenerate achixonts anti tl« derdopnient of only a few nnj* 
of the second genaatKtn. 

DncuaaiuN 

It appern that in these cultures the drugs which were used In the for® 
m winch they ctrculite m the blood hid a direct effect on the dertlofaog 
trophoioitcs of P falapancm, 'They caroaed either a delay in the dereJofoe®* 
of parasites or arrest of dcrekipment and subsequent degenertlioo. 

The action of atebnn, aoctochm, reaochln and ejamine waa on the esny 
stage* of the achiiogonouj cycle, where** that of pahidrme and M4430 was w* 
exerted until later — at the stage of dnision of the chromatin of the sd uto 
while the aulphonamidei tested acted on the tDridcd schkoot It o re*fit“ 
that quinine, ttchnn, sontochm stwl resochm may bare a lethal action on the 
later stage* of the cycle. In the cnltlTatloo mtshod here described they otb® 
destroy the esrfier form* or alkrw the cnmplctioo of iddiogoDy Thu* ® 
culture the schnont b not markedly more susceptible to the drug than 
earEcr forms of the parasite. It ha* been suggested by FrtuJ (1933) th* 
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to thoM found tm vrco Two of the finHmg* point tliw Finlly d* 

trtes of ict) 0 n of eome of the dmgm m the malrml cycle ire (hffemt— anb 
itcbnn and piludiine, and, iccoatDy the chincteriitic degcocndof edf 
•chixontj lie found with ptludnne ot rttro and a vrw The mwhivt dnsij 
be accepted u one which will grre rnuhi which may be laed b At 
expIanabOQ of the actnn of thete dniga on the tropboxoitet when omt aahm 
rt treated « mo 

Thai the lethal c^ect of aoti-malaHal dmgt. In the aer um loed for cslth 
TatKn, appear! to be due mainly to thor being preaent in raffioent e uic t utt <Bi 
to exert a direct indoace on the devdoping parautea, Thu probably a da 
the ca*e m the trcatmoit of an orert attack of malana. Drogi oied for lofpro- 
■ton of malaria are preaent in the blood at lower coocentiatkiia but, ki fka 
drcumatance, other factora are mrobred, auch as (1) the prolonged aparat 
of the paraalte to the drug (2) the preacnce of actm leucocyte* tk 
reticulo^endothelia] syatem and (4) the dcrelopmcnt of Immunity 


SOMUAXT 

1 A method t* described which haa been uacd to atody the etfeti* ^ 
drug* on tropboxortea of P faUtp^rtm (New Gmnea itnina) groiriag la ntn. 

2. The effect* of aera containing vanoo* anti mahml dmg*— foWtae, 
atebrin, aontochin (SN®!!). M4430 rtaochin (SN9618) ptonof**. 
quinine ruipbaduxine and aalphaineraxine— oo the*e pamtet are docribed 

3 Atebnn, lostochm. reaochin and quinine were obaerred to came urea 
of derelopment and degeneration of nng and amoeboid fonnx. 

4. Pafudnne »Ti<t Af4430 exerted their lethal effect on the early •efa****’ 

5 'Hie lulphonaniide* caused degener a tion of dinded schbont*. 

8 Plaimoquine had mcanatant or ooly minor effccta. 

7 The degenerating forma aeen when pahidrint u u»ed n nW a™ 
P falapmwM and t« erro with P rfrex are umilar 

8 The mode of acoon of ana malaria] drug* u ducuw ed . 
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In the follouinj pipe* 1 ha c aticinptcd tn mile a hrirl ur\c\ ol lumnn 
mahria from the vaewpomt </ a lahoratora ufirltr drairint to dreoter I rttcr 
tlruRj for It'- thenpa and lontrol Druj'^ t'.huh arc pariietilarK required arc 
tho^c for canol proph\laM.* and for the radical cure of J'launoiltuni 
infccti()n‘> Wliat special nccompli'-hmcnt mh rlriipn '■liotild In'c i a matter 
for debate, and m •^enrehmj' for them one u compelird to tlicori/c I Inia, 
do rnepaenue and tjiiinmc fad to cure henirn tertian malaria hccairc their 
distrihmion in the hoda r at fault, or la there n form of the paraMtt, smh aa 
an txocrjthrocnic form, aaliich i - refr ictora to them ^ Althmij’h the (pie tioiia 
cannot he anaucred dcrinitclj for human malaria it n clear that the caiiaal 
proph)la\ia and radical cure of aaian malaria is iiitimatcK concerned with the 
chernothcrapj of c^tocrithrocatic forms 1 his fict determined the approach 
followed in these Inhoratorics in attempts to discoacr new dni(;s for human 
mnlana (Cuno, l)A\n and Uosi lob's, DAvia, 1‘llfi) and because some 
success has attended our efforts it seems an opportune time to rceiew toj^ether 

• I define n causal poiplijlaclic druc ns one which prcacnia pnmsucs nppcarini' in 
the red blood cells, n jnaj net on the sporoioilca or on n si ut cvistuu" hclwetn tlic 
«poro 7 oitc ind tJic blood pan ilea 
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tht mpecbTc picture* pre*emed by the dwmothenpy of tran tad hum 
Our mfomuttiQn coocermng the chemothenpy of Ktimn 
p*ftjcnkriy tint demed from cxpenmenul iroik, Ii much gre»ter for InfeetBB 
with P mnu ind P falapanm thm it It for mfectioa* with P mdtrw. 
Comeqocntly thn ditcutricm b dominated by the firtt two •pectea. 

The porpote of the reriew b to cncoonge ttiU further the tpint of 
■aaiftance between worke n with apenmentil mfectioo* and wwlen tA 
huonn malan* which hit proved to fruitful dimng thp war year*. It wooU 
be difficult, for example, to ertggente the txIuc to the bhoratoty wwier ef 
experiment* auch n thote done at the Aottralnn Army Retearch Staoao it 
Ctirra (Faihlet 1M5 1948), and although It It perhaps too opbcootK to 
•Dppoao that work on the tcale teen at Ctlms cau be tnaujcd m time* of peace, 
yet much important InformatiaD rcmama to be obtained. It can be obtamed 
if the problcmi are kept in new 

ExOfBTTHBOCmC FO»M* IN AtIAN MatdUUA. 

TTie term exo Qydu ocyttc was brat oaed by Jauh and Tate (1937) to 
dcacribe ce r tai n fonna of P gdlSMsamm wbJch they diacoTcred m clndo. The* 
forma were found m ceDa of the reoculo-eodoth^al ayalem and In eodotbefiil 
celb m Tanoui argtoa of the body They differed from the pamctea cf the 
red blood eorpuaelei in two main waya. Ftrat, bectuae haemoglobifi lad 
never been ua^ m thear oetibohc proceaaes, pdgment (baematin) was ilaest 
from thwo. Secondly thar the teemed to be bmited only by the type cf 
cel] m which they developed thote m the endothehal cells of the bniB 
capiUanea for exaraple, were rebtrrely enonnooi. Similar forma bad been 
described in mfectictiB oi cananea with P rtBctmm (RA7rAll.E, 1936a) and with 
P cMArwtmxM (Kdcoth and Modiow 1937) 

flffwf the pub b cat ion of the paper* of Jaues and Tate (1937 1935) a fieat 
deal of work haa been dooe tearing for these forms and expcrunenting aOi 
them m different tpeaea of avian mabna — much of it ■ reviewed by Pcwtei 
and Hdtt (IWO). The y«/fiiac«nii type ” ha* been deacribed m Infectwos *f 

P cMtkt t m ium P ar c Km fUsttm, and P m cananea, and P lepixr^ 

m turkey* and pheasant*. They are found moat easily by taking hnpreasion smears 
of the tiasue* In sporoioite-indaced uifectioni at the tune when paxadtcs arc 
fiiat found eswily m blood tmear* earCcr than thia loo few have dercloped 
for the vit to be lea* than difficult, and later if the boat turviTei, the numbcn 
agam dimimsh. 'ITseir relationship to the iportaoitea could only be 

conjectured rnrHI HOTT and ComarON (i&44) dcacribed for P gtlSMO** 
the complete acqoeoce of event* bet ween the mjcctwn of spororertes and llw 
appearance of parasite* in the red cell*. They showed, for this spe cie* g 
lent, that the tpormoitea penetrate the cell* of the rcticulo-cndotheDaJ system 
within half an hour of tbeir mtrodoction mto the hoat, and therefota, in the 
broad sente of the term, become exoeiythrocytic forms. Afterwards, for ibe 
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duration of the infection, an unbroken succession of such forms occurs Sooner 
or later, they throw off blood forms (for times see Huff and CouLSTON, 1944 , 
CouLSTON, Huff and Cantrell, 1945 , Davey, 1946) At first, only cells of 
the reticulo-endothehal system are parasitized , later ordmary endothelial cells 
are also invaded (Porter, 1942 , Huff and Coulston, 1944) In a general 
way, the course of events can be illustrated as follows — 

blood forms 



sporozoites exoerythrocytic forms 

A more detailed representation is discussed later 

The EvroENCE that Exoerythrocytic Forms Exist in Human 

Malaria 

Following the discovery of exo erythrocytic forms in avian malana reports 
have appeared from time to time claiming the discovery of similar forms m 
human malana (e g , Raffaele, 1937a , Casini, 1939 , Brug, 1941) Unfor- 
tunately, the supposed parasites which have been descnbed are very few in 
number, and in every instance it is possible to suggest an alternative interpretation 
of the observed structure It must be admitted, therefore, that no indisputable 
microscopical demonstration of the presence of exoerythrocytic forms in human 
malana has yet been made, and the evidence for their existence is indirect 
It emanates from two mam sources, the results of subinoculation expenments 
and the effects of drugs 

(a) THE EVIDENCE FROM SUBINOCULATION EXPERIMENTS 
If sporozoites penetrated red blood corpuscles directly, as descnbed by 
ScHAUDiNN (1902), one would expect that the blood of the vertebrate host 
should become immediately parasitized and should remam so That this 
does not hold has been shown m the case of both P falciparum and P vtvax 
{e g , Boyd and Stratman-Thomas, 1934 , Boyd and Matthews, 1939 , 
Raffaele, 1937b , Ciuca et al , 1937 , Fairley, 1945), and in the case of 
t^anous species of avian malana (e g , Raffaele, 1936b , Warren and 
Coggeshall, 1937 , Coulston, Cantrell and Huff, 1945 , Davey, 1946) 
Instead, there occurs a very transient penod of mfectivity followed by a prolonged 
penod of non-mfectivity — the “ negative blood phase ” It is true that a negative 
blood phase also follows the injection of organisms such as bactena and viruses, 
which are removed from the blood stream by the reticulo-endothehal system, 
but the phenomenon has a special significance m malana because it is the red 
blood corpuscles themselves which later come to be parasitized 

Some of the earher work on the negative blood phase in human malana 
may be cnticized on the score that the expenments were meanly conceived 
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Few TObjecO were taed tiid only nun quintitie* of bbod were tobmocibtel 
But •Qch cntrebm* cannot be rimed tt the wori of pAtRUr and ha ccfiiboraav 
Uiing volunteer* they hire *)h>wii that, following the hte* of 
hcmly Infected wttb *poroxo»tea of P faiaptm ce P nr** 
yield* poaitiTe re»uh* wrthln the neat half hour and then coiaatentiy neptrn 
reauhi until the 7th day of Infectkm with P /MJafitmt and the Wi diy «i 
P no«u In thew ape m ocpt* at kwt 200 mh (rf blood, 5t0 oL, 

have been tr*n*fu*ed directly from ooc volimteer to another and the preoie 
with which the reault* bare been confirmed, time after time. Is strUinj. Oat 
onist conclude that the tparoxotta of P nr*r and P faletf*rwm du*fije g 
from the droiladng bloo^ and paraaitea do not rea.ppeac there foe a te q il 
day* afterwtrda. 

Tbe parallebam between tbe roulta In human malana and arun mrim i 
n exact apart from the detada of tune, and h can be taken aa generally tm 
that, wfaererer ebe the apoforoltea develop they do not dertkrp in tb* red 
blood corpuade*. In tbe broad aenae of the term, then, tbor derdopmot 
mu»t be exocrythrocytic TTke detafla of thia dertJopment, u w» rtujW 
above, hare b» worked out only for P yaf&Mcm* b which tpose* it bs 
been ahown to take place m tbe reticulo-endothefiaJ lyatan. Tbe expemoesa 
with P gtl&uemm hare a oegxtm aa well n a porifive im p or tan ce. The 
dear d e nmau atton that the •poromtes of tha apeas develop b tbe rroob* 
CDdothefial ayttem ta. of coune, atr t ai gl y luggeative when exphnatieei ire 
aodght for reauha tuch o tboae of Fadojt but the difficuhlea of tnakbi the 
demonftntioQ •houW be borne m mind wben depkirbg tbs fifltire to do »® 
for other apectea. Hurr airi CouieTow byected the laDniy glanda from n 
man y (j 300 iDOaqtittoea into a abgle chirk, and even then found It necewy 
to bcajae the desdopmect of the •ponaoue* m * restricted area of wbpknJ, 
before they were able to deaerfbo a complete *enet of atagea. b my owa 
apenmaiU (Dattv 1946) followuig the btrarenoua inoeuktioQ of the 
contenta of fifty moeqmtoca bto a S-day-old chick, I found tbe greatest tEfficoby 
b ffnftmg even isolated eiampka of developmental stages. Work on ^ 
b ducks li roughly comparable to injecting tbe coDtents rf 50ftX> 
moaqmroea mlo a human being, and dearly therefore, the faibre so £» m 
dcmooatrtte the exocrythrocytic devdopmental stages of tbe *poiu*ott» » 
hrrman malaria If not evidence that they do not enat. 

{b) THE ETID CT CE F»OM THEHAFEDTIC EXTOlUBm. 

1 Cauri iVep^-factie Exptnmttis 

In ihdr expcrnnenti on tbe treatment of general ptrettts whh 
YoJtEE and Mactie ( 1924 ) ihowed a ttnkiog difference b the protcctiT t yaw 
of qnmme to whether h w*a given during the bwhatioo 

to patienta infected by the loocuboon of pamitired bbod or by the brte « 





bxng tnote than shg^tVy delay 

.„es It cured the ^ Matter . ]aMBS, "^^^“^(Xstnochm, 

Heinrot tv. ”ed P^^lditteted on 

complete protectm incubation p exhibit c m ^posing, 

" I' '“«T; r-'< n 

Se^oped 

is^sHfeaaa 


Sib) that ^P^^'J^'^probably ^^^^"^^^the "po^^^S'in'^the blood str^^^ 
itSsV^ta' theg.^““““;vt the told V' 

J:;V%n«”et cello It °o deocnbe foP^S *e word 

„ ieUculo-end"W . „„ «rd „teted >« 

mly deyo to *' ““f e-totory '*tacV ^ '.^e pa«o-te « 

Ihencal stage m * j to des 

snorozoitc in a ver^ g pamaqn'^ it can 

the red cell concerning and m the ^ ^ ^iji possesses 

The findings J i both m A^tis ^^eriments, pam mnnacnne) 

eorfmed Vottog^tUptopVV^^^^^^^ oP"’''"'' ““ 

be taken as dehmte > quinine, mepa ^ Sn^^oN, 

properties not ^'Lsochm. cblotoq^ine) ^.^re thos 

sontochin or S hi ntophylactic results proseptasine, ^ay of 

The next causal propdy that P and tn 

and SH>^J®®';,y IngV “ 'J^nant teroao ®t ”atVme ,„d 

sulphonamides, gi^ lete protection agains , ^adiazine, snip but -work 

Xtton. save “-o^oSnodea such as ^ „„ K?f h^ii ''"V"' 
v„„,d that newer suipn 't»Pt“V y945), sn 


.;»rnewer 00^“^“ 'an »Ptove-« » sho^d 

„,ptame,«me «" to " SS'e loses ^0 5 to ^ P p j 

p" retl citerred « theot ^ alt^o^ So;d „Sat,ng hl^ 

!„s rncomplet. agtnnst ^ “rtor a 'a"*’' P'°f ’one of the 
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Faieut and bl« coDeigae* (Fublet 1&16) hire abown tbit Un* nbatet 
bat a rtriking caoail prophylactic acdoa agiintt P fdapanm aol «t loal i 
panal actioo agamat P vtvax In mfectiotii with P f^pam vr 

prevented from entenug the biood atream by doaei at low at 25 mg p<T ij 
and a doac of 100 mg taken, on, each of the fitat 3 dxyi after Infectwc, a rsffipat 
to giTc complao protection. A doac of 100 mg once daily al*o p r e rei ti P nen 
from entermg the blood atream, but in tbia matinee the action b m c o of toe 
and, following the cenatiQa of trealment, overt attacks can be expected am 
months later Other work at Caima and the results of an i n p ^ T im^ n t m dn 
country done m coHaboratioo between workers in oor laborstonea sad tht 
Liverpool School of Tropical Mediant, hare sbenm that at higbsr dom 
pahidnne may give conqilete protcctioQ sgamst P viv^a These wkr 
expenmenti are of more theoredca] than practical significance. 

The (Eacorery of pahidnne waa a ajoaequessce of debbcrately sesnim 
for a drug with an action on exocryihrocytic forma m anin milsitt (Cm, 
Dattt and Rose, 1&15 Datft 1&46). Pamaqmn, too, has an acticai oo 
exocryihrocytic forma In anan malana, and so have the aulpbonamidea (CoAisti 
sad Coofia, 1644 CoooEsaAU, Poena and Luid 1645 Dwn 194SV 
IVe therefore hare a group of draga ctanpnttDg pamsquin, pnaaepticiie tai 
paludrine, all of which »r« chemlaJly distinct, tU of whkh in ^ 
human mikna not poaieaaed by qubsoe, mepaenne, aomochio, etc,, od d 
of which have an aeaon on ocoeaythrocytic forma u imn malaria not pcasewad 
by these otherv Surely this is i 

2. Ttu RsitealCm cf BtmfM Trriua 

For many years rclapting malaris has provided not only s isrgtt for cIae* 
therqieutic uiTesagatiaQa, bat also a aobject for debate. Two mam cipianaO«* 
of why malana b so difficult to cure have been advanced. The first 
that a few puvitea may be protected from the scDon of a drug by bang »bebc“ 
in a amus of the spleen, or m some other blood reservoir wbw the Wood » 
temporarily out of arculation and where a drug does not penetrate. Oo 
the face of it this doea seem a posAihty but there ta a very great 
which seems to bo generally overlooked, m the way of accepting It BneoT 
blood mduced P rttwa Infectwos can bo cured oamg drugs aoch ta 
and mepsame, *>^1 sporoiorte indoced infections can not If the di mOTtf 
of cure ts simply a qowtion of the diatribution of pansitixcd red coepcaoa 
why should ttee be this difference ? 

The second erplamnoo suggests that exoerythrocytic forma are pemate®* 

mP erraimfectiona (and possibly mF wofanar inf cctjocj also). Itianecca^ 

to make diatirrtioei at lent between P wcaa and P f*inp€ntM 
work dunng the war has shown quite dearly that the radical cure of nab^* 
tertian malaria ta not a problem. It can be tccomphahed with virtual cei^^ 
using drugs such as nupsenne winch, as far as one knows act only on 
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forms Thus, the drugs which cure it do not necessanly prevent parasites from 
gaming access to the circulatmg blood when they are continually taken 
throughout the mcubation penod of the sporozoite-mduced disease (Fairley, 
1945) In other words, if one presumes there are exoerythrocytic forms imme- 
diately following the sporozoites of P falciparum, then drugs such as mepacrme 
are without action on them If these forms were persistent mepacrme, of 
course, should not cure 

Persistent exoerythrocytic forms would provide an explanation of most 
of the problems associated with sporozoite-induced benign tertian malaria, and 
It 13 therefore important that at least indirect evidence can be brought forward 
to show that the explanation is not without foundation The evidence can 
be summanzed as follows 

1 There exist species of avian malaria {e g , P cathemenum, P rehctum, 
P galltnacetim) with persistent exoerythrocytic forms which seem completely 
refractory to quiiune, mepacrme, etc The blood forms, on the other hand, 
are susceptible to such drugs m all these infections It follows, therefore, that 
the infections can be controlled with them but not eradicated which, it will 
be admitted, is strikingly analogous with what obtains in bemgn tertian malana 

2 The only known drug which exerts a true curative effect against P vtvax 
is pamaquin It will be recalled that pamaqum has at least some action, albeit 
a poor one in some infections, against the exoerythrocytic forms of avian 
malana 

3 A person with little or no immunity to malignant tertian malaria, if 
he IS not cured, ivill relapse quickly, usually within 3 weeks of the cessation 
of the incomplete treatment * The period between attacks is never so long 
that It cannot be explained by supposmg that the treatment was insufficient 
to eradicate the blood forms In other words, the penod is what one would 
expect the incubation penod to be m a non-immune subject inoculated with 
a few blood parasites This is not true of benign tertian malaria where many 
months may elapse between attacks 

Also, m causal prophylactic expenments with P falciparum, if a subject 
does not exhibit climcal symptoms within about 4 weeks after the cessation 
of treatment he can be regarded as cured This is clearly seen from the expen- 
ments done at Caims (Fairley, 1945, 1946) But in expenments with P vtvax, 
as the Mork with pamaquin and paludnne has shown, one must wait at least 
a year before drawing final conclusions In searching for an explanation for 
this fact It IS difficult to believe that blood forms are m existence and kept 
inhibited so long m subjects who have no acquired immunity toivards them 
Certainly, I do not beheve that such a lengthy incubation penod could be 
obtained m a non-immune subject by the inoculation of blood parasites, however 
few their number On the other hand, the result could be explained by supposing 

* The relapse of malignant tertian malana after 13 jears reported bj Naglei (1945) 
maj be an example of premunition to a blood infection bemg lost 
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that cioerjtlirocTtJc fo rn a art prttent irhich, graiduaDj iaqe aain g in cmtitr 
erentaally rdetae blood fonna to bring abotrt a rTlnl/^l attact 

The cridence presented in the abort pangtaphi coold be etifly 

by fubinoculatioQ expcrimenti. It U tantanwont to taying tht, if ■ pna 
n not cured of mahgiLant tertian mlana, he ii lai ryin g parmtes in ha blDod, 
whereat thia it rwt ncceaaariiy to in benign tertian mskr a- 

4 Thji la only ocgatrTc endence, if it a cridence at til, but it ia wtrti 
bearing m mind the fact that the ^nre to deraon atjtle aoerylhrocytic forta 
at any time of the infection In benign tertian malaria will not be of real mfu- 
fictnee untn more wodc a done It b often rnffinilt to find tb^n m caiana 
Infected with P nUctwm or P cmtJumrmm unleaa one chooaca the opthsm 
time to aeirch, and m them ooe knowa they arc praent, and one kooiit vim 
to look for the rolume of tiamca to be acaiuicd b abo much leu. The 
nnportanceof aearchmg ac tbeoptnnnm time cannot be too ftronglyeiiiphB*d. 
It wva remarked abore that the exoerythrocytjc forma m cantnea are femd 
moat easily in iportncotte-indaccd infecbona at the time paraaitea arc first fiotid 
ctsOy m the bk>«L Later cren withm a few days, their nnmber may (EfflCiai 
conaiderably Dr Ahw Bishop (penKmal cnromanication) haa madeaip«al 
study of tha point and her work clearly demponatistea its truth. It is psohshh 
that moat of the attea^ts to find aoerylhrocytic fonss in hiroan mabna ban 
been made at a penod ut the Infection which one would deem onaaitsble i* 
•Tian Toalana. 


PtOBUMl. 

Apart from the oremding problem of irxkmg a precise denonstistjoo of 
eioeiythfocytic forma m boman mabru, there are aome others which sie of 
mtereat and importance. 

1 I know of DO accompQshmeat poaaeaaed by pamaqnm m arian irdhnJ 
winch tt not potaeaaed m at least equal degree by pthidnnc (DasTT 
Abo there la a remarkable paiilleham between the reaolts obtained v“ 
these tsro drugs m causal prophjbctkr e a p e nm en ta with benign tertian 
(for the pamaquin reaulu sec Jaun, Nicol and Shut*, 1931 Jann, 19® 
and the Laaga/ Nttia*s Health ComtwotUt Ttari Rtpert om MtiMnt 0“ 
for the palodnnc results ice Faulit JW8 and Aiiaaia, Dasir and 
in the press) Both dniga produce a very great lengthening of the hicobaO® 
penod if DOt actual cares. If one expbliis the results In terms of 
the drogt on ccoerythrocytic forma, arul if one ei pb ma the actioo of pims^^ 
m reducing the relapse rate of beoigo tertian mabna in the aaroe way 
paludnoe should abo reiiace it. If ri docs not, what ii the expbnation 
2. The parallelism between anan malanai, auefa as those due to P 
mtmm and P /affiaacaui and benign tertun malani m not exact. Asian inibn* 
whicb u blood mduced U as difficuh to curt as that Induced by fporott««^ 
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again because e\oer}'throc}'tic forms dc\elop It seems as though they develop 
from the erjlhrocytic forms because Coulston and Manavell (1941) found 
them m infections of P cirannjlcxum which had been started by the injection 
of a single parasiti/ed corpuscle, and I ha\e tned, bj differential centrifugation, 
to separate the parasitized red blood cells m P gaUtnaceum infections from the 
other cellular constituents of the blood, but 1 ha\c never failed to obtain 
exoerythrocj'tic forms bj injecting the separated red cells In benign tertian 
malaria, howe\cr, a blood-induced infection can be cured wath quinine or 
mepaenne and a sporozoite-induced infection cannot be If the difficulties 
associated wath the latter cure are due to cxoerythrocjaic forms one can only 
conclude that they are not present in the blood-induced infections From the 
\aew point of the general hypothesis concerning exoerj'throcytic forms it is 
unfortunate, therefore, that one of the supposed demonstrations of them in 
human malana (Drug, 1941) should ha\c been in a blood-induced infection 

3 If exoeiy'throcjaic forms arise only in lineal descent from the sporozoites 
of P vtva\ the number of them in an infection should be proportional, in the 
first instance, to the number of sporozoites injected It would be interesting, 
therefore, to in\estigatc if there is a correlation between curative rate and 
degree of exposure to infection 

4 In avian malana in which cxocrythrocj tic forms arc coexistent with 
blood forms, it is a general rule that the infection persists for the duration 
of the host’s life It may be brought under control, but it is not usually 
eradicated Treatment of the acute infection wall frequently assist the host in 
attaining control 

Unfortunately, there is little accurate information concerning the longevity 
of human malanal infections It was a common assumption by soldiers of the 
first world ^var that chills they were suffering in the thirties were due to malaria 
they had contracted during their war years, but undoubted clinical malaria, 
t e , parasites with fever, docs not seem to have been recorded later than 2 to 3 
years after infection * A greater accumulation of exact information would be 
important in the folloiving way The relapse rate quoted in various experiments 
wath mepaenne or quimne is rarely 100 per cent Following treatment wath 
mepaenne of a primary attack caused by apparently virulent strains such as 
that used in the Cairns expenments the relapse rate may approach this figure, 
but in other centres it is recorded as perhaps 50 to 60 per cent , and sometimes 
IS as low as 20 to 30 per cent In general the relapse rate in subjects who have 
had one attack is less than that in subjects being treated for their first attack, 
and is less m those treated for a third than in those treated for a second, etc 
A residue finally remain who may go on to have a dozen or more attacks A 
question naturally arises concerning the true nature of the cures Are they 
really radical cures or do they represent infection finally brought under control ? 

*There are records of the parasites of P malartae persisting for as long as 27 years 
(Rubekstein et al , 1945) 
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If tte former it -mil be cle*r tint the foothold of P in the hnoan baiy 
a lew t ecTir e thm th*t of manj other anlxrul pirmte* In their ly*T. 

5 Atuti malma which xatj be cured if trettmeat commence* m 
enough ifter the mjcction of (porozortea mzjr be refractory to delryed tr po’fi* 
(Dattt IW0) The expltnaaon of tha ii atill obeettre, but it ii m 

that rt a worth while taking mto coondcntion the fact that l^tn g tn ct aMa 
of eioerythrocytic foma may react ihfferently from earlier one*, Inti^hbco- 
tone* we adopt the followmg rcpreaentatloQ of the hfe hiatory of the miicui 
parasite m the Tertebnte hoot m the hope that it eoTuagei all powibOrtici — 

blood forms 


sporoxoite ► prunary eioerythrocyiic form* 


\ 


aceoadary eToefyihrocytK 
forms 

Thu adietDe of reprcocntttKiQ la deUbenuely noo-conajuttal and will rtinstfl® 
until more detaib are crtilable It baa, h ov Tcrer the admittge of hecffof 
most of the prtibleiQa In view 

The primary etoeryihrocylie forma are those which dertlop dueetly ff® 
the apofnxtntes We do not know for certain bow many genermona of U® 
p re c e d e the appearance of panaitea in tbe red ceQa. Thm are not mere thaa 
two generatiOQB m P /alHaacwar (Hcrrr and CouLfrew 1&44) and It H 
that there a only one (Davar ISM6) there are probably not more than two 
in P ett)i*w*trhem (aubinoculation a poaidve at hour* — D itet ** 

more than three in P f*lap€ntm (Fmelet IP45) and not more than foo^ ^ 
P nrax (Fai»let 1&45), The aecoodaiy forms are the peisattnt forms and 
are utially coexistent m the hoat with blood forma. They may inchide fnnns 
denred directly from blood forma although tha should be doubtful m the 
fw of P vnax Whether there a a true difference between them and P"®*^ 
forms m theu" resetrona to drugs a ondeaded. They arc probably absent 
infcctiona withP falapanm, 
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20 per cent Ik "ere batheH ^ *hcy were emK„J^ « 

P'^t- cc and p ^brjo extract fin consisting of 20 dp ‘^‘^cd in a small 


They could k’ 'nipaircd thp v f'^i^ rnucoid Thev did ^ often m 

promoting nronpJp embryos K,it ^*’0'o extract through n filf°^ altogether 

; y streptomycin about 

to ■ 
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Etpewmemtal Result*. 

Succttrful cuhure* were imde frotn the tplecia of three oiatKi, 
were miintiioed up to 19 d*yi, «fter which iH the rtnmmi^ itI-Lw* tt, 
rcmoTtd for micnicopic*! mmhunoo. Pimita were found both a 
e«he»t tune of enmuotioo (4th <Ujr) snd *t the latect (19th day). Ftada 
removed from tome of th* fralu on the 5th ind 9th dsyi of eohmotc tod n 
mjccted mto t ctnery which bccmme Infected 14 dayi iJicr the fim 
In iome of the culmra Ttiy Tigomua growth of the perE*ite» occ ar red, ba o 
with P [oIEmacatm it wii unevenly datnboted. In toroe pt*ce« ptrtKit wn 
Tery numerout, m other odjncent ireu they were completely ibeoit Afpr 
ently the meroioite* do not eprctd very ftr from the ipot wh^ they hm tea 
libersted. Good growth of the parmmtes occnrrtd m the p rcecoce of iutpe>- 
mydn, 5 unrts per cc When emaO pieces of lirer were ito^nted m the 1*4» 
instead of spleen, there w*s bale or no growth of celli. 


Moareouxrr or P nbamm w Twet Ccltuie. 

Many di£ereat forms of the phsmodium were seen In the cnlrart*, 
by selection of ratable types, the probable cycle of deref op toeot eta be Isas' 
tnted. Bat since s smgle partsne cannot be followed throcgfaect the vhefe 
co urs e of the cyde, one catmot be certain whether some of the feren* ■* 
r«liy stages throogh which sQ parasites pass, or whether they sie emly shoomd 
appeamcei which stand outside the regular cycle. It is probably safot ts 
deeoibe the mam types, r e c og nisi ng that the dmtions between them 
arbitrary and to realite that the rclanon of one type to another a tssampt** 
rather than obserred fact. Accorduigly the foUowtng ttages may be recogotiei 
1 Sm4dJ forms miM om pstes <f ckromsstsm (Figs. 1 and M).— Tbese ot 
osoaDy rounded anH measure about 2 5#i across. The chromatin b ramd or 
oval and measures 1 to 1 -6^ it i«inm pujk or crimson with Gfemst. Somo- 
fntww the outer parts «*«■" more dearly than the centre, someumo the »ti«as 
u uniform. The cytoplasm stains pile or dark bine with Giemsa 
there are one or two small vacuoles in it. Often there u t small darkly stusiag 


Fros. 1 TO S — pmntes with «>• to four pken at thiatasxm. 

Fro. 4 — Palate with firs paoccs of c faTTsnstin cyTfyWwn rmlhiT <rwau^ 
FlO. 6. — PsisikL w*h seven pcces of efanasatm eytopjewn k grm^kt md — 


P«n 6 — SAisoot with nwny paecc* cf ch r caMihi (many si odwi ®t*x=** 

Ttw eytepiMn m to b« oonceotnred round s cau e cf ths pices* ef dsjw^*- 

Fro. 7 — Bchnoot f b ni m t metuxo tfos- . ^ 

Ppj, a.— a BUturs sebnofrt cantamait in«i 7 n wnwote* ■mn*ed tnyfukrir 


nte tt* 


d^Enaot opucsl tereb, not drswn) 

pto. 9 wlilKj ta braskn^ op kto marfoor*. f 1,900 Drawn 1*7 ^ DUl- 
Fn. 10— .A sAmaitat Iwet *t*»* of tOwnrtfmko (•« 

F 0. II — A froop of frew m cTosekaa. (Drawn by F HJ 
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grtnule In the cytopltim nc*r the chroinitnu (AD recorded 
greatly on tlie degree of flattenmg of the ptmite flattened parmta b*w* 
appear much larger under the micioacope than thoae of equal T oluu t be 
aphcncal ahape. Since flattened paiactca are eaaier to ttody and pbotDfnfi 
than aphcncal onca, moat of the iltuatiatiOQa «nH nKanremcnts are le 
flattened ooes.) 

2. LMTft form alk om puet of cinmMtin {Fig 15). — ^Tbcac are brtfda 
in aae and ahape but often meaaure 3 5^ acroaa. The chromatm u andy 
elongated (l-fl x 0 8n) but aomethnea ft U rtmnddd. Often there a i dor 
apace between the chromatin and the part of the cytoplaam which atama bojb 
blue wnh Giemsa. A granule and eacnolea may be present. Prcao nobly tbew 
forma r e pr esen t the further growth of (I). 

3. Farm ttxtk tmrol puett of rkrymolin (up to twenty or roorc). a Sa- 
tiated (Flga, 2 to 5), — In the tmaDcr farms the cytoplasm n abundant and itaaf 
bright hhie- Granules end racuolea may be preaenc Preaunabiy these fomi 
anae from the dinaion of the cbromatiD shown la Fig 2. 

4 LoTft sdttnnU citb ttetmij or awra putts of cAreoaaha (Figi. 8, 12, W) 
—These may be roimded or o\oJ and may meaanre 9 to I4 m according to tk 
rolume and the degree of SatteniDg The number of precea of chnajutB 
rangea up to ferty-frre or more the laigernomhen being dffficuhtocoontacHSV 
tely These schuoots may be dinded mto two types, (a) Wnh dirooBtiB maot 
c rim son with Gtemaa tod a fur amormt of cylopium (atamiog bnght 
distributed tpproxnnatdy erenly between the pieces of thnxBstin prtaunaWy 
these arc a dcrclopnient of (3) (i) With chromatin atunfaig more deeply and 
scanty cytoplasm which ii concentrated closely round the piece of chnanaiin » 
that the mterremng spaces appear empty (Fig 8 ) 

5 Form m wh^ merorortts *rt fortAmdoetd — These forms are ti big 

as thoae of (4), The pieces of chfomatin stain dark crimson and och » 
aurrounded w th a little dense cylup laa i n which may be roonded, or nay be 
dongaied as m a mature roeroxolte These early menaoitcs may be trriEged 
ID three ways (a) pocked together apparently irregubrty with many of tk 
outer pieces lying tangenttaDy Some of these look aa though the achiaoct k» 
been coo ve r ted mto a chuter of merozoites arranged at random, whxh ^ 
gradually falling apart (Fig 8) (A) with two dear areas surrounded by eanr 

mcrozoftea, some apbenca] others elongated and lying radtaDy So me 
twentyfourmeroroitca,aomeroore(Figa.7 13) (c) clmigited momtUes amniol 
radially round small dark mass in the centre which nugfat be chrooutia cr 
cytofdatm (difficult to ifiatingalsb) as in Fig 9 Thri form has shout twenty®* 
pkcca of chromatin. Only one or two forma Dke tha were seen. 

The form shown in Fig 10 a intercsbng There arc sereral 
lying free and aertral others arranged radtaHy round a central m»ss 
stained da k purple with Giemsa. Plmtographa mealed that this dark centn 
mass had the structure shown m the drawing there are oght or more prt«* 




Fig 12 — Large schizont The longitudinal clear space is presumably an artefact 

Cultivated 18 days 



Fig 13 — Three schizonts changing mto merozoites Cultivated 12 days 
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grtnuk m the cytoplwn near the chromatin. (AH recorded rtiira^iwrn 
greatly oo the degiee of flattening of the partahe flattened pansta mtwdy 
appear moch larger under the mlcroKope than thoac of etpnl Tohmie b« 
tphenal ahape. Since flattened pamitea art easer to ftudy and ph3t]:fa(4 
than spherical onea, most of the lUuatrationa and mea inr ementt are "tA ■ 
flattened onea.) 

2. LMjjt farms mtJt OM pua of cknutMia (Fif 15) — 'Iheac tit u Ttp d g 
m aoe and ahape but often me aaur e 3 Sft acroaa. llie chromitia u ntlf 
elongated (1*6 x 0*8^) but aomedmea h ia rounddd. Often thert b i dor 
apace between the chromatin and the part of the cytoplasm which stains bc{b 
blue with Gictnta. A granule and racnolea may be present. P retunuH y that 
forms re p resent the further growth of (!), 

3 Farm vntk wreraf pteoa dmmstiR (up to twenty or inort), a Hw- 
tilted (lugs. 2 to 5), — In the smaller forma the cytoplasm is ahuodint tad fans 
bright blue Granules and ncuolca may be present. Presumably these foraa 
arise from the dinsion of the chromsdn shown in Fig 2. 

4 Larft t cha onU miM ftonsty or wron ptt<rs of cktamMtm (Figs. 0, 12, M)- 
—These may be rounded or oral and may measure 9 to U>i scccnfing to ik 
Tolume and the degree of ftsttetring T^e numher of pieces of chrotnoa 

ranges up to forty fire or more, the larger numbers bengifficuh to cooflt scon- 
tdy These schHOnu may be dmded mlo two typea. (tf) With chmoatuiaaDait 

enmaon with Giemai and a fair amount of cytoplaioD (staramg bnght bte) 
distributed approxiraatcly crenly between the pieces of rfiromatm piesunoUj 
these arc a dcreJopment of (3) (5) With chromatin staining more deeply laf 
scanty cytoplasm which is concentrated doady round the piece of cfarooniin » 
that the mterrening s pace s tppear empty (Fig 6 ) 

5 Form! tn Mcroawrcf arr /omMMJoved . — These forma are sa of 

at those of (4). The piecea of cfaromaliD stain dark cnmMO and “ 
surrounded with a Lttle dense cytoplaam which may be rounded, or nuT^ 
elongated as in a mature meroxoite. These eariy meraoltes may be tnanf™ 
m three ways (a) packed together apparently irregularly with many 
outer p ecea lying tangentiaDy Borne of these look as though the schaoot hid 
been cc m e it^ into a cluster of meroaoites arranged at random, winch 
gradually fallLDg apart (Rg 8) (5) with two dear areas, surrounded hy nnj 

merozojtea some tpherxal, othera elongated and lymg radially S« mpc 
twenty four meroxoitca, some morc(Ftgs 7 13) (c) doogated meroiatef arraBjw 
radially rtamd a small dark mats In the centre which might be chrwn*^ ^ 
cytoplaam (cGfficuit to disODgaiab} aa in FTg 9 This form has about nreoty*®* 
ptecea of chromatm. Only one or two forms like this were seen. 

TTie form shown in Fig. 10 u interesting There are sereraJ 
lying free and sereril otben arranged radially round a central ®*** 
stamed dark purple with G emaa. Photographs rerealed tbit this dark 
maas had the structure shown in the drawmg there are eight or mcrt 
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of chromatin, some of which are partly differentiated into merozoites arranged 
radially The appearances suggest merozoites being liberated in tivo successive 
crops from a central core, as suggested by Huff and Coulston (1945) for the 
meta-cryptozoites of P gallinacetm No other form was found in which this 
appearance was detected, but this failure may be due to the fact that most 
other forms, at this stage of schizogony, were overlaid by cells 

It is not clear whether (n), (b) and (c) are successive or alternative stages 
in the development of the parasite In particular, it is difficult to reconcde 
form (a), in which the fully developed merozoites are arranged at random, 
with a cycle involving forms (b) and (c) in which the merozoites are arranged 
radially 

6 Free merozoites (Figs 11, 17) — ^These are elongated forms about 0 8/x 
wide by 2 to 2 5/i long One end is pointed and the other is often rounded, 
or square The chromatm is sphencal, about 0 8/1 across Some authors 
have descnbed macro-merozoites and micro-merozoites m the development of 
the exoeiythrocytic forms of P rehctum Only one type (as above) has been 
seen m these cultures 


Discussion 

The mam purpose of this investigation was to demonstrate that the tissue 
culture technique, which had been developed for the study of P galhnaceum, 
was applicable also to P rehctum It was pointed out m the previous paper 
(Hawking, 1945) that any intracellular parasite, which lives inside a type of 
cell which can be grown lu vitro, ought to prove susceptible to cultivation in 
this manner The parasites which have now been grown m this way include 
P galltnaceum , P rehctum and P lophurae (Tonkin and Hawking, m press). 
Trypanosoma cruzi (Hawking, m press) and Leishmania donovam (Hawking, 
m preparation for pubhcation) In addition the growth of P cathemenum in a 
single expenment was reported by Hegner and Wolfson (1939) , and 
Tchernomoretz (1945) has reported the cultivation of Theilena annulata by 
a techmque which he had devised independently but which is similar to the 
one employed here 

Cultivation of parasites which grow in small animals (e g , Leishmama in 
msters) or small birds (e g , cananes) is much facihtated by the use of hetero- 
ogous sera obtained from larger ammals In the present mstance fowl serum 
not completely satisfactory for the growth of the cells and perhaps the serum 
0 some other species would have been better 

This techmque is advantageous for studying the morphology of the exoery- 
t ocytic forms, especially m the stages leading up to schizogony and the 
ormation of merozoites No clear descnption of these has been discovered 
previous papers on the exo erythrocytic forms of P rehctum (Raffaele, 
936 , Hegner and Wolfson, 1938 , Manwell, 1940 , Reichenow and 
Mudrow, 1943), although some illustrations contain forms suggestive of 
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doDgitcd mennoUa. As described tboT«, tlie menttortes of P rt&teBtsmK 

their ckmgstcd form « *ji etriy «ige <rf scirbojooy hot the enct rrfatiocakip 
of some erf th* fonns seen, one to tftother u not deer In the p r e noi a »«i 
on P galhnMMm^ t ermpler method of firing ind moontlng the prr pi r «i 
wis used therefore, an attempt to compare the morpfaotogka of the tvo 
plasmodia hi tistne cohore is not dcnnblc m this jJi^ , RccHCroir tad 
Mcbkjw [(1943) described two types of mc r o ao itt (macro- sod micis- 
mcroi«tcs) bemg fonoed during the pfe-erythrocftic stages of P nBctMm ui 
Herr and CocijTtrt (1&15) noted two simflar types in the prc-erythroejtic 
derekipment of P g^hnsctitm. In these cultnres only one type of meroio uc , 
cortespQodutg presnsobly to {Bado-menamtes, w teen. 


SmmAjrr 

Tlse ezoerythrocytic forms of rActvm hare been giu mi h 

tisane culture, usmg the technique pcetioosly described for P giSautnm. 
Grtrwth wwt termroated after 19 days. Fluid remortd from the cuhnre flaib 
after 5 snd 9 dsyi was mfeetnre for a casary Growth took place lo the preseoce 
of pduqTEn and of s trep t o myon. Tlds techmqoe u adraatageous for stodyorf 
the ffiorphoiogy of the ejj >ety t hf o e )mc forms, espeoalty la the difiercnt phases 
of sdibogony The ranoos stages are OJustrated. 

REFERENCES 

Hswszm, F (1045). Growth of protases n tlous culrurr L /ItassAws 
tao enthrocytic Fmt. R. S*t iJtd. tf 341 

- (194€). Growth ot p r vitmti s m ti«oe cufTim IL Ffiw^i— rtfwtsw. iW 
40 1S3 

- Gfowlhof pTOCatos in twaue oittuis HI TV) psaswws crui. fW I y rtm 

Hnom, R. Jc tVoLFSCOt, F <iwsx r a»pfs*jw»-liks pajssn** in eansries infeciM wtt 

FlstswdwK. Aswf y n ill. 

(1030). Thsue cnltuiw stahes of psmnn tt mfcutxndcehchsl cds 

to birdi gifcctrd witii P Urs w J it w JUd^ Sett C-, IS S3 
HtTT C. O A Cot-irro*, F ()W5). Tbs tfa rri i^ ac u ent of PUtmtdom p ^S s w own 
KurosotU to trylhrocTtK trophortnts. J Da^ 71 331 
Maxwsll, R. D. (1040). hif -cjxie P f m t m n/ mm r&Tssi sr Am 0 j 

trtt W S5» . 

p«F» «wi» G (1930). PrcajmUG fonoc bomIj di eioha>w <li Pt^tamdam rrtrf*. 

Rtv Jf^snsf., Anno 15 (11 Noo«w Ssnt) Scsiods 1 3IA 
BncttiNaw E. 4 Mrrwow L. (IW3) Der Efttw«iJun*se«n# tm /turn Aim ^rswsr 

fan VovtQcCtpsr Dtack. TVspfwswrf 47 280 

TossKtO'Sasira, T (1945). Mahrpbcstsai m ntrs of Koefa botbes of ThtStna *<»■■ 

Aotv IM 391 ^ 

Tcrtnx 1 M fc HAmmnj, F Growrb of protases *i tw»ns caltttrt H rtsswsst" 
TVssf R S*e trtf Afsrf. It}f In proa* 



189 


TraicsactioisS of the Rotal Society of 
Tropical Medicine and Htgiene 
Vol 40 No 2 October, 1946 


LATENCY AND LONG-TERiM RELAPSES IN BENIGN TERTIAN 

MALARIA 

DT 

P G SHUTE, 

Asnitant Malana OJficer, Ministry of Health 


The phrase “ a latent attack of malana ” is here used to denote a frank 
attack of fever associated wth parasites in patients who were infected several 
months prior to the development of clinical symptoms ‘ A long-term 
relapse ” denotes a chmcal and parasitological attack at least 3 months after 
the pnmary attack, the latter having been treated with a course of mepacrine 
or quinine, and (as far as is known), the patient having remained fit and well, 
^vlthout parasites in the penpheral blood between the attacks 

It IS my expenence wth therapeutic malana that neither latency nor long- 
term relapses occur in malignant tertian malana This is based on a study of 
several geographical strains of both tropical and sub-tropical ongin M T 
malana relapses, if they occur at all, do so at very short intervals, the first 
within a few weeks of the primary attack (and the others follow in quick succes- 
sion) These, it is considered, are due to incomplete treatment of the previous 
attack m that not all the trophozoites were destroyed (radical cure) Latency, 
as seen in B T malaria, does not appear to occur m M T malana The 
incubation penod in M T malana vanes between 6 and 18 days with an average 
of about 10 days It is well known that infected persons who take small daily 
doses of a suppressive drug such as quinine may expenence an attack of fever 
many weeks from the last date of infection, particularly when the drug is 
discontinued a week or two after infection The ensuing attack m these cases 
18 caused by circulating parasites which were not destroyed by suppressive 
treatment Latency in B T malana, as defined above, is known to occur with 
tropical, sub-tropical and temperate region strains, but there is some evidence 
to suggest that it occurs more frequently with temperate region strains than it 
does with tropical strains Nothing is known about the biological factors 
concerned in true latency but we know under what circumstances it may occur 
These are — 

I Under natural conditions 
II Due to drug prophylaxis 
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IIL In the pretence of mixed infectHint — double lafecoon (B.T ej 
*t the Mme tune), the M T mtkrii derdopuif b tbox R 
dxy* tnd the B T imlirb tsuy moothe Uter 
n In paaenti who ere unmuoe to one ctrein while retxuqdj 
m m nj n rty ere iubeequently infected with en ocher itrtia. 

I Latikct Ukoer Nituxil CoXDma’O, 

It U 1 wen known phenomenoa that in Caitem Europe there U frtqaxJi 
* ihirp m*kn* curve in e*rij fpnng cauted by B T rnthttu. Mtoy pofep 
most, of these cxsei ere pnmery sQaekt in pesons who were infected m ik 
prmoua cununer and autumn. This phenomenon has been obstmd » 
Rouznarua, Italy Spain, HoBand and England, ■n -o n ling to KcbjltK 
(19Q2X and SWELUDfOKDEL(lQ2l), nearly aB the indtjenous najirb oectmof 
in Northern HoQsnd In the cprmg and luintner is the resuh of Infectwcs «► 
tiacted in the prevkiDS autumn. It may be of iniertst to record here sc* 
obaerraQons made at thu labontory concerning therapeutic ms lam, teat* 
they bear testhuony to obaemaons made in the field. 

The p ractice at this labofatory is to prepare baicbes of about 200 oosqiKw* 
about Qcate a motoh m order to supply B T maianal materhi to 
throughout the country for makrla therapy purposes. A patient oBdergsvf 
malaria therapy wtscwe blood coouana the nectsaary aember of ripe gasoscT^ 
u selected to infect a batch of moaquitoea After the mosqnrtoea hrre fed eon 
oc twice they ire meubtted until sporoufto appear m the n&tary ftodi. 
when they arc ready for trans mi tt u ig infection. Eariimnoorworkwecoot®*^ 
to use the mosquitoes so long as vn were able to find iporozoctes m the ufinxj 
glands this often exceeded a period of 2 montha. It soon became ippffo* 
that the presence of sporoioites in the glanda was not by Itself etidence tint lit 
person bitten would derciop malaria within the usual Incnbstwo period (W » 
14 days). It was seen that the majority of the patients who were brtten dnnaj 
the first 2 or 3 weeks following saliTary gland infection of the mosqurtceSi 
dertloped the diseaae within the normal vneobsuon period. Msny of tfc 

patients bitten later than this failed to derelop fever for many months. jro<t« 
the failures were remfected wrtb a different ipea es of paraate m 
not to delay treatment. Others were reinfected by blood of the same spear* 
and a few not mnfccted at afl. TTmae patients who wee infected with 
or quartan malaria developed their first attack of B T malaria many o**'™ 
afte the onglnal infectire bifea deapite the interrcntion of severe attacki 
fere (caused by the different tpcaa) 

We know that relapse do oo< occur m B T malana indoced b v blw 
inoculaDona and aa many of oar mosqaito-mfccted cases which failed to ihi-Sj¥ 
malant snthin the Donnal mcobauon period deieloped feTricTeial hwoim 
later these attacks were due to the original mosqiato-bornc mfecdoo ftw 
were therefore latent cases. 
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When a batch of mosquitoes was infected on only two occasions, on alternate 
days, even though the infection was a particularly heavy one with the average 
number of oocysts per insect being a hundred or more, cases bitten 4 to 5 weeks 
after gland infection failed to develop fever It was observed that for the first 
few days following the invasion of the glands by sporozoites, not only were the 
gland cells packed with sporozoites but enormous numbers were found lying 
in the salivary duct Following a number of blood meals, the gland ducts were 
free, or nearly free, of sporozoites, but the gland cells were still heavily 
infected It is believed that this may have an important bearing on the degree 
of infectivity following biting When the salivary ducts are packed with 
sporozoites, very large numbers would be discharged durmg the act of biting, 
but when the duct is free, though the gland cells are heavily infected, the 
numbers discharged would not be very great After a heavily infected mosquito 
has bitten fifteen or twenty times, sporozoites can still be seen in the gland 
cells, even though, m many cases, the person bitten fails to develop malaria 
■within the usual incubation penod In the early days of our work, after 
observing this phenomenon, it was concluded that the finding of sporozoites 
in the gland cells was not necessarily proof that the patient had been infected 
and we inclined to the opimon that under certain circumstances an infective 
mosquito may bite a person without injecting sporozoites This may be true, 
especially in mosquitoes where the infection was a very light one, because the 
thoracic muscular pressure exerted during the act of biting may not have 
squeezed out any sporozoites embedded in the gland cells But the point of 
interest here is that many of the beheved-to-be-failures developed fever and 
parasites 6 months or even a year after infection and that durmg this long 
incubation period the infected individuals remamed healthy It is worthy of 
note that failures seldom, if ever, occurred when the patient was bitten by 
even one or two mosquitoes ivithin a week or two after the glands first became 
infected One other important factor in connection ■mth this is worth consider- 
ing Might the failures be due to the age of the sporozoites and not to numbers ? 
To test this a batch of infected mosquitoes which had been infected on only 
one occasion was fed on a rabbit over a period of 6 m eeks The actual number 
of times the mosquitoes bit the rabbit is not kno'vsm but it is certain that they 
fed on at least twehe occasions Dissections showed that the glands contained 
only ^cr 3 ^ small numbers of sporozoites A patient bitten by six of the 
batch failed to de\elop fever wthin 3 weeks The glands of U\elve mosquitoes 
of the same batch were dissected and injected intravenously into another 
patient and fever and parasites de\ eloped wnthin the normal incubation 
penod In passing it should be understood that it is not intended to implj 
that a relatn el\ small number of sporozoites never gn e nse to fe\ er and parasites 
wnthin the usual incubation penods, but it is considered that true latenc} 
occurs onh when the sporozoites injected are too few to set up an immediate 
attack and that there is never true latcncv when large numbers of sporozoites 
arc injected 
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Tha true Utency occur* »n natont i» so well kncnrn tint it » oot propaei 
to Ha ct iw It here. It htt been nudled end reported upon from nany ematna, 
paticolarlj In Europe, tnd etpecudly in Hottind. where the fact the ru ipeoa 
of hnmto nudim paianto other thin thit of B T mahra «>i:n rt fai Bjart. 
h*» afforded opparmnJda for • clo*e ttudy of litHKj to be made. TTwiolijec 
u deah with foUy by SwiLLWOMBti. and Dt Bwac (193S) in then 

Afdiana n tJu JsrikrrUMds 

11 Latixct Dm to Dido Piorjm.itu 
j^bojow 

PiQcnti who tikfi qmnine dioly bcginnuig t day or two before exponrt 
to infcctKwi and continuing for 6 to 8 day* donng the meubation period, oody 
hare a lOghtlj kmger Inmbatton penod than U normally the caae. Aj;ak,pan* 
trtea are often difficult to find for acrcral day* cren after ferer ha ttarted. Oa 
the other hand, if qorrtme la given a day or two before Infectxm and cooQtfned 
daily for 2 or 3 weeka, there la uaually a alo^ peak of fever only 1/ a prutaned 
aartJi t* node, an odd penmte may be found In many of theac caw* the 
patmt renadn* aymptom-free for •<w»l month* tnd then be cay etpesi®® 
a aerere attack of malarm. In aucb caac* it u bdiered that the qmaca ks 
acted m the uaual thenpeutie manDO that the aaexoal pana d a have bo* 
dertraj-ed tnd tbe tobeequent long-tenn relapae l« charaaensric of tba 
•peoei of paraarte. It la ngntfiemt that the interral berween tbe pnis^ 
attack and tbe firrt rdapae U comparable to a prolonged Incubadoo peivd 
where there has been no primary attack. 

PtMMjmn [PUiwajmiu) 

TTu* drug which has xery little ibcnpeotic action on the aiemal pan*'® 
of B.T malaria, la capable of warding off a pnmary attack for several incoib\ 
even tboogfa the drug u stopped acveral di)* before the termiflatJoo cf tie 
normal tneubetton period. In nearly every case, bowever an attack dertfcT* 
several mo nth* later and fever and paiaaites resemble in sD respects s pni»f7 
attack wben tbe mcubatiOn period b normal. FoBowinj the treatment of • 
pn mar y attack with * protracted incubation penod, relapses may ocenr In soew 
cases only one, while m others there may be several at thort intcmh of a inecta 
or so It IS of mtcrot to mentioD here that pamaqum u equally effecthre a* • 
prophylactic against ^LT malana, bot wnh this species of parasite, if the 
successfoDv pments the pnmiry attack, there arc no sidjseqoent altackj oihrt 
at short or long period*. TheiTfore pantaqmn in certam doses when 
on the day of mfectioQ and for a few day* aftemrda, titn&ta tM 
M T mMlanm before fever or erythrocytic paiadtc* appear It « 
effcctne against tl* primary atta^ of B T malaria but m tin* case the di*^ 
manifests itself many months later It i* beheved that tins difference fa 
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dereJoped withm the mini taculwOon pcnod and tbe 
tCT CJe ts u iKcnj*! for the apede*. 

In one lenc* of cxpoimcnt*, s pabent, a pnmaiy ca»e, n ^ 
bloodloocalationwithaatramofBT raalixia from the Fiwh Ctmerocai, ad 
from him a batch of moaqintoea wia mfected. The moaquito Infectioa an i 
Eght one and in none of thoae diaaccted were there more eijht oOqiti 
stomadL Soc patienta who were omnune to the Madagtactr m 
bitten by looaqtntoei of thia batch, and although tbe Infecboo teem e d ta iart 
failed all the pcticctt detc loped feta and paraaitca aercral mooths liter The 
foUowing aummarj grrca the htatory of the fix m which two <f 

B T malana] paraartei were oaed — Madagaactr and French CamcrocD itaiM 


Cht 1 

1927 Pzknciy in/ertfcn vah AlMWcsacax Tea peaks ftrer (reWsd 

qaimm. 

\93] Bccood InfectksD snth mom amln. Pamtis a aijuul fetw 
Third erponrre to inf eetten 3 oMnW i Mar ttfled. 

1932. Fourth crpocurs to aifartwn 6 nMetfas kter — failed. 

Fite mo p tBa latw eofacted bt ntwguho bnsa, Frcoch C sm wooa Wrsfci . 

and par awt rs daclopcd 296 dars low Tirated *ttb qouw. Tt^ 
vert nt retapses, drat I nsooili after md of tmtawnt, aeeond 9 steM 
after Ad of fim retapae. 


1928 P tiatify atta ck with Ma d aga a.ar a O atn . Ten attacks, then treated att 
qtefaueHt. Rekpaed 8 mociths kter 

iMl Sroie^ kfectata wnh aamc ttram. Farw lod paiaaita* folloaed bj if** 
taocdOi rearterx . 

Third earswna *0 mfccticB] I moolh laCar Bittm by o^er ^*7 Wr® 
moaqtdeo ca ' fc3ed- . 

Fourth qp uam e to mfeenoo I inatilfa kter Ditiaa by owr ICO »oaqBkc*w- 
Oikd. 

1992. Fifth erpoaure to (nfecdoo 9 lu ca uli i kter — fa£kd. 

Two tncmlhs kter betteo by moatr uiuas infected inlh Franck 

atraai. Faier and paraMca ^efeped 2S3 days later Treated »T 
qtuoine There «cra no re kp a aa . 


1926 P r imary attack with ^Udafaaar atrwo. TeB attaeij than Oe^ed 
qumjiie. Rekpaed 8 mm tfaa ktcT 

1928 Secood w poa ur e to tnfectno — kded after b e i nf Urten by IW ioK^” 

frrfwy irtoa- 

Tbad eijwaure to mfacticav bitten by 150 moamutoei — t sikil r_^± 

Anieat, fourth c ip oa oie to mfrWaon, tniteu by fifteea moaquhoe*"''*"^' 

1929 Frfth aipoaure m mfrctaxi. bitten by ihjrty moaeputoes — failed. 

Shtb expoaurr to atfection. lotten by forty moagitkoes — f*Qcd. 

Seterrth qpoaura to mfectKai, bittai by twenty ftw tm-aejuftoes — faaai 
Deimber erpaaed So mfectnn wkh ^LT tmiim (mjceesafiiO- . 

1930 Ei^ith expoaurt to ■tfectua, ^am bwteo bj moaqvkoe* Ww*™ 

Madi^scar answi — foiled. 

1931 NdJth exposure to a J ec tj cai, batten by one hnndrtd moacpitioes — 
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bttwttt mfectjcw tnd the iitiii w*i 282 . On caammiTig the fiiufinj* rf cptler 

wtjAer* hi Eofopc, ihnilar rwuh* mro iceo. SwnurfatmL aod nt Iteci 
(1933) record (p^ 150) an eipcnment where e^fbt Toltmieen were Infcded 
hj one or two moatjtntoea. AD eifi^ dereloped true latent roalim, orte witi 
an iDcubatioo period of 231 diTi a aecood with 270 daja and the renahider 
with iacnbation period* Ttrying bet w ee n 239 and 278 di^ 

2. Lalntcy irvagit fy Drag /Vopijriajw 
In latency broojht about by drag pro^hylaxu, a / mepaenue or 
the Interra] u aboot the tame. In nmeteen c arefu lly aeiected caie* ef 
B.T i£(Jectioo the incubatioei period aaeraged 263 dayi. 

3. Loag-Urm Rti^psts 

One of the greateat problemt of BT malaria h the prerealuo of 
relapMS. It n fcnerally beHered that they are due to hmi&icnl treatmeat 
of the primary attack or preriooi reiapac. Such n undoubtedly the cate when, 
a* the reach of matrffiorrtt treatment, a primary attack ja followed by a ibon 
term relap*« (recrudocence) •ome few wwka later Thi* can be demcautiated 
by gmog a auigle doae of 10 grama of qoddne to a padeat in the throe* cf a 
pri mary attack wrth certaia ttram of B.T nalaria. Ferer aubride* after ahocn 
d day* and paraaite* can addom be foood ts thic* amean by tbe 5th diy Bot 
tha ferer free intonJ h of abort doratioa and by the 14th day ferer b eg in * 
again and parante* are numerou* tn the perrphefal bbod. Tbe Mngk dow of 
the drug bu aborted the attick and redu^ the number of parawta briow the 
pyrogenic threahold Some pamtea tumre and m the abaencs of further 
treatment they aoon mcreaae m nunibcr nffioently to cauae cllnIcaJ aymptom*. 
There b, bo w er er *aii>c reason for beBennj that long-term relapae* are se< 
doe to the aumral of a few aaezoal partniea. It ta of aigniflcancc that the Ume 
factor fa long-term reUpaea t» ckady related to that of tree latency and of latency 
br o ug ht about by drug piophytooa (oKpaenne and pamquin but not qwninc). 
In fifty-two carefully ariected fang term rriapaea the arertge period of tune 
from the last atta^ we* 263 days 
Two example* may be quoted 

(1) In Augujt, 1943 two indigeDDo* c**e* of B T milini oamrTed la 
male patient* m a mental hasprtal in Surrey The patient* chared the tame 
ward, neither had ever been abroad nor aubjected to therapeutle milim. One 
petient dcTtloped B T mahm* on 22nd Anjuat and the other <» the folkmaf 
day Paraaite* were preaent m the Wood of both case* m moderate noinbm. 

frtrr—ln one pattenl the ferer w** quotidian and fa the other 
h w*i tertian. _ 

yVraham/ ef Ou alfarih. — Both p«ient» were treated with mepaerme O'-* 
gramme dally for 7 day* and ferer and paraaite* qmckly disappeared. 
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In Apnl of the following year both patients relapsed, chnicallj and parasito- 
logically In one, the interval beUteen the pnmarv attack and the first relapse 
was 238 days and in the other 229 days Although there were more than twenty 
patients sleeping in the ward, no further cases occurred and it is conjectured 
that a single mosquito infected both patients within a few days of each other 
(2) In September, 1935, a case of indigenous B T malaria occurred in a 
young woman aged 36, living in Essex Three w'eeks later a second case occurred 
in another house, this time in a boj aged 12, who shared a bed wath his grand- 
mother at week-ends Eleven months later the grandmother developed malana 
The two houses were separated from each other by about lOO yards It is 
bclicacd that the three cases were infected by the same mosquito wathin a few 
days of each other, that the first case was infected about the middle of August, 
and that the mosquito left the house, probably to lay eggs, and later returned to 
the house where the other two cases occurred The bov was probably the next 
to be infected and he, too, dei eloped the disease wathin the normal incubation 
period The third case was probablv the last to be infected It is considered 
that the infected mosquito discharged a sufficiently large dose of sporozoites 
in the first two cases to produce sjanptoms wathin the usual incubation period, 
But that the third case received a minimum number of sporozoites, and that 
this IS the reason for the protracted incubation period, ; e , 9 to 1 1 months 
As a result of some recent experiments where the number of sporozoites 
injected is known, there is some cvadencc which suggests that about 2,000 
sporozoites arc ncccssaiy' to ensure a normal incubation period In a recent 
experiment the glands of five mosquitoes were dissected in Locke’s fluid and an 
emulsion prepared Two patients were infected, one rcccivang 371,300 sporo- 
zoites and the other 1,805 The patient rcceivang the large dose developed 
fever m 10 dajs while the patient receiving the smaller dose failed to develop 
either fever or parasites and was subsequent!} infected by direct blood inocu- 
lation with the same strain and started fever wathin a week If the number of 
B T malarial sporozoites ncccssaiy to produce clinical svmptoms is in the region 
of 2, (XX) It IS not difficult to understand whv so man} cases arc latent but it is 
difficult to understand wh} so manv of these latent cases, even the majority, 
hive incubation periods of about 38 weeks, at least wath certain strains of 
tropical and sub-tropical origin 

I rprcT OF Drugs ox the Morphologv of PASAStTEs 
W hilc sonic workers claim that thev arc able to distinguish quininc-affcctcd 
pirasites from the normal, others have failed to do so Some }cars ago this was 
tC'-tid I selected two patients who showed a heavy infection of B P malarial 
parisiies, and cieh was given 90 grams of quinine orallv, one dose of 45 grains 
at 10 1 m and a second dose 4 hours later A senes of thm films was taken at 
--hourlv intervals over a penod of 4 hours and stained wath Lcishman rdnas 
of patients who had not been given quinine were prepared at the same time 
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mtemU iftd TOt tamed logether The i« tm of filint were then exandaed 

by workm who were tuthonije* on piiMitoJogy but ill fuied to dBOnjanh 
which of the film* contuned qounnn^ pamitei- \o twch problem preioia 
lUdf whh itchnotied pimitei. Following the idmmittntkn of ■ iui|le Aw 
of 0-6 gmnroe of itefann (mepicrme), change* m the pamne can be teen 
within 20 minute*. h«onnal]y a full-grown uexual B T malirul paratue 

contuwiboutSOgrtnuleiofplgincou Following i wngle Itrjo dote of ttebnn, 

the firtt change wtdeh can be teen in the psiante I* chimpmg of the plgtoeiL 
In the fint half-hoiir inttead of there bong about 50gnnu}e* of p^mcot, there 

are about twenty clumpt. An hour or two later the number i* further reduced 
and utualJy cotintu of two or three lump* After about 12 hour* many of the 
parasite* *rc derotd of pigment and tome early dmntcgratioa of both ctroomiB 
and cytopiatm can be *een. (I have failed to obserre where the pigment goe* 
pigmented mononoclear celli m the penpherai orculatioQ are not increated.) 
At ibcmt 24 boar* dumtegrtuon a weD loarhed and often wvthm 48 boor* no 
panstea can be found in thin hltoa. A* far as my obaemuem* go I hare never 
aeen a parasite which, after a dote of 0-6 gramme of itebrm, confonm to the 
normal It la, therefore, poaaible that atebiio grtm over a period of sertral 
da}‘a may succeed m kiihog all the aanual partsitea. et it la the case that meny 
patienta treated with tha drug cemtuivie to relapse at reUnrety abort iniemh 
over a penod of aev-oel montni. 

There ta oicuaderable endeoce that plaamoqmne (pamaqmn), combined 
with qmnjQe, reduce* the relapse me o DT maltm and many arorlert 
behere that tbu form of treatment n supenor to either qoiniac or itebrui. 
AMien It IS remembered that plaamoqmnc baa very little acnoo on B T malarial 
tropbosoitea at least when compared with qutnme or atebmx, it ii diScuh to 
understand why plasnioquimne vn "ery small doses may reduce the reUpse rite, 
Plasmoqmnc, when grren a day or two before lofectioo and continued for a few 
days afterward*, p f er'c n a the onset of a pnroary attack of B T malana for 
•everaJ rocniha, sometime* for a year In M T malam plaamoquine t* even 
more succeaafol «nd aeems to be true cauaal prophylactic. If this ii so then 
the uxfication t» that against M.T mabra, pbamciqiune n othti a sporoiolu 
odaJ drug or tbit it set* on the hypothebcaJ stage of the parasite betwe« the 
eporoxoite and the erythrocytic parasite \Vhar then, la the difference between 
M T and B T mabna m this coonecuon i In B T malana, as has already 
been noted an attack is often delayed for nearly a year even when the drug is 
giTtn for only a few day* foBowtng exposure to bifcciwn. A posable 
explanation u that plaamoquine kflb all thespororoitei or x bodte* m a ALT 
rafcctioei, but not ill in * B.T infectioo. Evenif tha is so t would son nert 
explain the very long mtcml between infection and symptom* in B T malam. 
If however the sporoacrtea, after escaping from the penpheial ctreotuw 
«icceeded in eatabhahing themselTe* in reticulo-endotheli*] cefli and were 

looutlhTthenfcofthehoatceU they might, on bang releaaed, give riae to ttst 
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tbc jjnmirj truck, the nhie o( t drug u in tutj relipte trtttment ctntwt be 
property meated for *t lent 1 yetr tfier the pitettry truck. 

If rtldptn jt B T aufene art rexstd 67 tporosodrr or hy a nttrmeiiMU 
Mtge — hrtotrn tii sperostnit «sd tk* fTyOtrocrltc rtjifn of ikt ftrtjiu— 
a drag tchoM fctD prrrtnJ rtiapta xnmU also romcftroUy kt ratify sacm^aj m t 
ccsaal propJ^Ucitt tasJ Tice yer tt . 

SOMiUkT 

The fint rcltpte m B T miUnal infcctKiiit utuiDy occurt terenl roootbi 
after the trettment of tbc prirotry truck, tixl miy be tt long ddtycd tt I yetr 

A atte U prcMfited for coondenog that reliptes trt due to i p orot u itct 
irhlch htTc been held up in ottae edit, t not improbable hypothecs when it 
u remembered that tporoiolies tre able to rartnye for many roonths in the 
tissue ceDt of the insect earner 

True bteocy la seen In those cates m which the pnmary attack occun 
many months after Infccaon, frequently after a delay of about ^ vtcki. (Tttf 
delay ranes b ctuecj i 2 months and I year ) First relapses frequently ocenr at 
about the tame period of ticne 

Ltmcy as defined ut this paper occurs (I) in nature ( 2 ) following 
certain drug prophyiaxts ( 3 ) wlm mixed Infections of B.T and M T mabna 
occur ( 4 ) when patients y^ are Immone to one ttmn of B T mabru tic 
infected by a diEerent strain. 

The Bgmficsnce of the drug pamaqmn (phsTOoqtune) u that it prertnts the 
onset of an truck for many monthi,w b cfc aa . com pared with qmnlne and mepserme 
in an acute pnmaiy stuck ita action on erythrocytic parasites is sUffaU 

It ta suggeated that relapses m B T malarta art doe to a mtuig phase 
of tbc poruite and that a drug which auecesafuDy preroiU relapses would 
also act as a successful causal prophylactic and nry-rma Sporazdtes are 
known to sumcc for many mootb 10 the tissue cells of the insect host and it 11 
suggested that they also mty be able to do so in the human host. 

Tbc word “ prophylsiia " has been used m this pper deliberately in 
preference to the word ** auppreanve. When qumiae ta us^ as a prophylactic 
against B T malanal infectktns, if the drug is discontmued a few d^» after 
exposure to infection, the onset of ferer is de la ye d for at most a few days. When 
mepaennt or pamaquin u used m ooe strain at least (Madagasar ttrun) fever 
seldom occurs within 2 months of infection and usually the period ii between 
34 and 3 S weeks. It u, therefore, considered that wh le the word suppressn e » 
appbcabk to qumine it is leas appropriate to mepsenne and pamaquux 
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CORRESPONDENCE. 


NEED FOR SOCIAL SERVICES IN THE TROPICS 

To the Editor, Transactions of the Royal Soaety of Tropical Medicine and 

Hygiene 

Sir, 

Dr L Everard Napier’s paper* on the teaching of tropical medicine 
contams many statements of great importance He summarizes his two mam 
points as follows — 

1 The necessity for making the undergraduate student conscious of the 
cMstence of diseases other than those that commonly occur in his oivn country 

2 The urgent need for a hospital in London that will act as a chnical 
centre for teaching and research in tropical medicine 

With the second of these I heartily concur With the first I also agree, 
but would like to have it differently expressed If environmental medicine 
were properly emphasized, if the aetiology of disease were studied, there would 
be no need for any cleavage between “ medicine” and “ tropical medicine ” 
The doctor would then automatically pay attention to conditions and diseases 
in any locality in which he was stationed “ Tropical medicine ” has been 
an unfortunate term, because it has led doctors to believe that certain diseases 
depended on the degree of latitude , whereas they were rather determined 
by ignorance, poverty, food, housing and toilet habits of a people The effect 
of heat and humidity on the imported Europeans has been studied extensively, 
while the effect of separation from his children or his parents — the effect 
of a new intellectual and social atmosphere — has been studied very little I 
would ask Dr Napier to restate his first item something like this “ The 

• Napier, L Everard (1946) Teaching of Tropical Medicine Traits R Soc trap 
Med Hyg , 39, 273 
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neccwity for nukiag the tmdergndime «tudeiu con»cxiu» of the hnporUDCt 
of csiTircQroeQt to djictte," Thtt itKicmcnt n cafabW of eliboniKm 1 »1 b01 
tiy to elabonte it by refeirinc to Dr Natizb f fuggoted lyllibia tnd itifl. 

The «yllibm contiim no mention of *oat] t er r ico . The*© are becomtaj 
more and more recognnesl u buitspcmablc tumdmaKU of medicine to lempeiHe 
cE m jtc*, why not in the tropics where there u a much grestcr Inodecce of 
pmtntiblt (Giease ? It u powibic to control the major epidcnuc by 

mass vacctnalKKu water ptmjication and port lanitation, but the amoont of 
mortality and morbidity produced by these diseases U generally tmaJI compared 
with that caused by ignonmee, pO Tc ity and unhypemc habits, and it ta only 
by imprormg and extending soaiu a cmcea and health educatMm that this can 
be effected. 

In the part the medical semet* in undevdoped coontnes hare tended 
to pruride (1) hoapitala — sometunca amanngly good hoaprtala — and trestroaU 
for the indmdual sidk and (2) public hcahh measnrrs — aometinKS a ma rif^ l y 
good pubhc health measures — to control major epidemic diseases In an imper 
sooal way There now remains a great maaa of prevenliblc disease which 
can only be approached and treated (or prevented) in a poonal way These 
are the places where the health ouraea and sooal service wtrrkeis if pr^ptiiy 
trmntd npfrvtud tend orjnstd by dk4 doctor will do more to tmprore health 
and to aare Efe than any nnxiot of study of *' herpetology and obstetrics 
m the tropics.'' And if such sooal semee ts jnup erty organued it wiU ere > 
great doU of money that would otherwise be spent cn doctors and hoapitab, 
drugs and patent medrcinea. 

It ts trae that social semces and welfare arork tn the troptca are lament^fy 
stereotyped and undcr-deteloped, but there is no need foe this to be perpetuated. 
TTiere Is nothing that ts more important for the student to team than the scope 
and applicalKm of these serriees, ibeu organaaUDo and the Usinnig and 
supendsKsi of the staff. 

Colonel E. H. ^ Eai: Hodce remarked that some attention must be pud 
to the feeding and care of Infants in the tropics Thia is the only reference I 
can find to the subject of child beahh. Dr Napier does not include paedatnes 
m hi syllabus DOT a poediatnoun on hn staff I should Eke to see these omitrioca 
remedied or know the reason why 

Lastly may I point out that both the enviromncntaJ aspect of meifiaM 
and the subject of child health are Deluded in welfare work. The study cf 
the various possible methods and appbcaliona of welfare work, m Its widest 
sense would do much to improve the minds of those who study luedidDe 
and the well-being of that paoents. 

I am, etc., 

(Sgd.) Gczlt D UxuiAiU, DJJ. 


Singapore. 
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THE EPIDEMIOLOGY OF CHOLERA 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene 

Sir, 

In an Annotation (1943) m the British Medical Journal on “ The nature 
of the influenza virus,” the writer remarks that one of the great mysteries in 
the epidermology of influenza is the mechamsm whereby the virus survives 
through long mter-epidemic periods 

He refers to the work of Shore on swine influenza, particularly to his 
demonstration that swine influenza virus while in the lung-worm, exists in 
a masked form and is totally non-infectivc until awakened to activity by some 
provoking stimulus 

He states that Shore thinks that the onset of a swine epizootic is determined, 
not by the acquisition of the causative virus, but by meteorological or physical 
conditions which favour virus activation, and he expresses the opinion that it 
would be unwise to ignore the possibility of a similar mechanism existing in 
human bemgs * 

Finally, he points out that human epidemics, like swine epizootics, usually 
occur dunng a particular season of the year and that epidemic foci often arise 
simultaneously and apparently independently, suggesting some activation of 
previously acquired infection rather than direct case-to-case transmission 

In their joint investigation (1925-27) into the bacteriology and epidemiology 
of cholera in the Asansol Mimng Settlement, Bengal, on behalf of the Indian 
Research Fund Association and the Calcutta School of Tropical Medicine, 
Tomb and Maitra arrived at a conclusion regardmg the epidemiology of cholera 
m close accord with that subsequently arrived at by Shore regarding swine 
influenza 

In an article entitled “ A new conception of the epidenuology and endemi- 
ology of cholera ” (1927), they reported that under the meteorological conditions 
obtaining in the mining settlement during the hot dry weather (May) Koch’s 
agglutinating (epidemic) vibrio, when inseminated into a ground tank (pond) 
m the form of a cholera stool, lost its specific agglutinability after 12 to 14 hours 

* The mechanism bj which infectiMty is increased or dimimshed in a virus is thus 
descnbed by Fenton (1945) — 

Our best clue to the nature of gene mutations is furnished by viruses, those sub- 
microscopic germs that cause colds, mfluenza, yellow fever, and a number of diseases 
in plants They, too, are giant molecules containmg hundreds of thousands of atoms 
that are linked in complex groups and senes For generations these molecules may be 
stable , then they abruptly change Thus the \ irus which normally causes tobacco mosaic 
may add a few thousand atoms and become a vanety that produces the much more virulent 
ailment known as acuba Other modifications may cause a disease that kills the affected 
plant or make the \ irus so weak that its effects can barely be detected Apparently a single 
turns strain may appear in any or all of these forms, shifting from one to another as atoms 
are gamed or lost ” 

An analogous mechanism in bactena also may not unreasonably be inferred 
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They also reported that they had found that at least one tHrd of (he 
permaneat tnhahtUnts of the ndning acttlcmcnt (an e™icmlc area) were cwttint 
camera of noo-afglutiaating (non-epidenuc) rilwioa. 

In condosion they wrote as fotlowa — 

“ W hsva therefore been dirreo to the lawroideWc CDOchnton thn ibr ri«*>- 
teaVoirtetinf (non-epUemlc) rfbria tAn on the txa^utnrfna feptdenuc) hir aot t h ty 
un der eertam blodiieniJcal>pbxa(cal andaiom [oftoi MaeoMl] in the lun«t nleitaK, 
the netura of arfalch an et p r e e tat unlmem, bcmI In tbk mutetbei nr epeimk form » 
csusc of epUenue eboVn, dnee It it ttot unreatooabk' to tteuim t>Ht chsncTemtk •• 
uoetabW may u emly be scqtiired e* Ion Voo-anluTiaetcna (nan-rphlnnk) htnteu] 
ribTlae, therefore in our opiaiaD cmtitutr the neef roir of cholera both eplderme nj 
enden^ 

In a prerwut article (1920) the) abo wrote — 

Durine our imrcatlKattont fai th Aeanaol KUrurar Setdement « hm tnet «kh 
e rTer el outbreaks of epUonlc ch o lera In diatant erwJ aolatad lOatca, ibe bthrUtisn 
of nhiefa had not been in contact other rccmify or rnnouly «hfa any cbm of rpldrmc 
ch olera Spoertanrou* outbreak of rpKbmtc cholrra b3\ tho bem rtotrd by other 
ob•er^m ki ocher toceUbea. 11 chrrto the captanatron of euch ouchreaks b« bcoi thn 
they cm eO (beir orlffki to eotM carrier t Koch (ep4i)ei]uc') ritrlo i^bo exratad unknoara 
In the ceremuniry Our ■oxseued ezpfefietion <ri suidt outhetaLe twa h that o«tn« to 
farciuiins drcucdceancet (often eeBeeii^) the non eairVjtntatata (norvepideeiic) ririo 
cha e u t ee mto the acslutirtanrar or epafemk form » one of the nurocTTBi* chmrae carom 
if reel c u li n iwti m nbrata (In rttdemtcer t aaauA ee the Mauna BerdgpcUt the rpl dfj wc 
ipreadatt at (he tnol r ua/mr er by emtamounoet of m ter and by costeet. 

I am, etc„ 

J Uaid» Tomb 

Sydney New Soulh ^ ales. 
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It «u ttcccmiT In the fim place to hate a picture of the «hcae cow 
of the dtacaaq in order to correlate the bone lokm »ith ft* rarkra cajo. 
Dr HidtTT retarned to ihh coemriT jom before the war aith a o( 
matenal oq all a^Kco of yaa» but «af not able to deal with n beome 
he was occroied in Tariow part* of the irorld with duiks m the Royal 
Air Force, wntch be had Jouiei The paper wc are to ba c thb erening 
i* the fim public comnnmiatkin Dr Hudtt will hate made on the wott 
he did in Uganda orer a period of t»o rear*. He niTl docribe to uj the 
general coune of the diaeaie niimratuig hi remark by a number of lantern 
•ndea. ImmedlatelT after the paper he win ihow bis film emuled ^awi in 
Uganda. 


PAPER 


THE CLCsICAL COLRSE OF \AW'S I\ LANGO UGA-VDA 

*T 

C. J IIACKFIT 

Mveew WtOemmt Seitmn 


Any study of yaws rataes aeTeral questtooa. One is c o occ u ed with the 
reiationship of yaw* ""d syphila The moat re cen t unitanan new of trepone- 
M that of Huosom (1946). He mamtains that only one organ^ ts 
TrtpcitmM pcfhfot, wnh two mam, bot not itade, vaneties which 
cante \-cnereal and nem-reoefeal treponematoea. One may erolve into the 
other prorkEng ennronmcntal conditiotts are farouiable. "TTic time required 
for such a change 1* from a few year* to •everaJ etntunea. Such an adraneed 
new wdl not be generally accepted without more endcnce m it* support. 
Until then yawa and syphiHs may wdl be regarded as separate diseases as 
STANxra (1930) and Stoke* rt m1 (1913) ntficate, 

A study of certain bone lesions in Australian abongme* (Hactitt 1935) 
showed the need for further mformatioo on the bone lesions of yawa. It was 
during t study of the bone lesions in 400 case* of raws for periods up t IS 
months at Lira (Ltngo dtstnet, Uganda) that the obaemtions upoo whkh 


Tb* msietisl for dd* paper «e» obtsaied durait 1937— tO mh£s bofchnC ^ 
FeDowsii* ta Tnm^ Msdkiw of tbs Medkal Reseaidi CooociL I am fasKbSed w 
pwti K«tp to Dr W H. KACJmi, then Dnetor of JiUiDesl Semce*. Ufand*. w “* 
meiScal ettem. 
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this paper is based were made This, at once, raises another question, whether 
the condition studied was yaws or syphilis At Lira (see map) yaws was one 
of the most prevalent causes for out-patient attendances, and syphihs was rare 
(see Diagram 1) At Masaka, in a different tnbal (Ganda) area, the reveree 
was present (Hackett, 1946a) Among the charactenstics of yaws at Lira 
were a high childhood incidence of papillomatous lesions and an absence of 
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primary genital lesions in chddren and adults Among those of syphilis at 
Masaka were an absence of such generalized eruptions but a high incidence 
of primary genital lesions m young adults Some tertiary skin lesions of yaivs 
and syphilis probably cannot at present be differentiated clinically However, 
assuming that yavvs is a separate disease, it may be accepted that the disease 
studied at Lira was yaw’s 
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The Staom or \ A ' n , 

Before desEog with the cliincsJ coone o£ h U ts weQ to define the 
Tinocs ttiges through whtch the ditetse miy ptss. TTiis m neemuy « 
•eccaflt of the confusten la some recentff poHiibed cirafcil deacnptKJci. 
TTie Lmgo nsme for jswi u nyaek 


Duoam I 



THE WrtUL LOIOM 

At the site oi infectrao which n some inagnTficint brcs c h m the skm, or 
kss often to aBtmg ulcer the mJtisl le«OQ develops (Fig 1). UmDx 
whai ps&cnts seek trcj f m ent this iesioa ether is sasodsted with the gejenEsed 
secoodtry crupUoti or htt tlready hciled. Some Afrktn commonities, 
the Ltngo idetufy the pruntiy y»w ts the •* first ytw tnd when present 
alone they nay ditguose rt by ti tppesrinee tnd frequent tssocistKtn with 
botje jwtn The imtisl lesion resemWes typical secondary ytws, but h often 
iirger tnd sometnnes does not betl spontaneously as resday ts do the seetmdary 
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options Specific tn. V remains i 

Ot .« y»«* 'n° V‘''« S'“» “ o'^-reiC^i. 

o--^r”^Se“V^^" 'he b": 

&«“ ■^''“o bSS" 'P”*®® “s'tot”'”™' '5'“''“'^“ » ^'“ch *e 
trSS »^Sc..' W“tr S^uoos are m.A P*, 

tVthaM® appea«d'=' W' ”' Naively d«''°P“® 

lesio^ f^iscolo^^^ ^ 4- up rais^i> \ fntrns sucu ,, £ 

„on bec'-'f ^Tesions n«y ^ other chnrcd te® „ 

W“” ®d '»““«« These lesrons 

S'leio® ^ „a ™T.»r srs® .KarsC-edhy d«-- 

f skm iesions occurnng ' an ex e ^ l^eaUng 


sive bUir-s*- 

gto'^P T a^sp'Sding ^‘^orsubcuUneous 

S -e®- u.eer .ho.e 

it-i — - yi,\ a lesion -wnicn ^ a lo 

ce®r.. or ’e and breis doom » 

induration l^ig 
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b«*e t» coirwiy irreguUr (Fig. 7) Bpeolic iproclaeta cinnoc imaHy bt 
demoMtnted, In hating the epithefium grmn In from the edget or frwn 
i*oiittd ceotrri mrea* ind ttrophic *001 (Fig. 8) rault. Tbae nsMj be tmptg- 
menttd m the oriicr n*ge», bot liter ire often deeply pigmented tod nay 
gire rae to contricttirti, Secondtiy kiioo* of the dii or bone* ire nem 
obsenred it the time time or liter Although theie ulem ire gireo puticolir 
nima in lome Afnctn commonhia md leptrited from other typa of ulcer 
\t U probible thit they ire n« reco gnii ed n ynri m luch commonhiet. In 
Lingo they ire known » or imAe. 

Since the« dettroctiTe lenoni ilwiyi follow the iecondiry eruption, 
muiUy ifier i rebtiTely or completely tymptom-ftee inteml of irirtTil ytm 
they num be regtrded u bekmgmg to the tertnry itige of the dbene. 

Hiving that defined the chmcterutic ikm lesiooi of the Kcondtry tod 
tertnry itigci, dther lenota rwy be grouped iccording to their isio^ttcct 
with one or other of than. 


UtTTVr 1AW>. 

At Lin (Ugindi) mtny piuenti, occordmg to their ititementi and by 
obtervition, lome nme alter the reK)Hrt>OD of their firrt enipDoa of iccoodiry 
ytwi, loffered from rdipia wnh limihr ksioni. Probably rehpie* of typical 
g eaer i Eied lecoodary leiiotu do not osoahy occur lata than 2 to 3 yean alter 
the fint eruption, bet iecondiry leiioo* il^t the hp« (Fig 9) or on the tola 
(Fig 10) may near after rainy veaxi. 

In a lenei of oms radiographed nm sjxny who had bone ledoca but 
at the time had no ytwt «kin lenoni. In the ndiognphi of tome of these 
there were active bone ^unga unular to tboie in cates with tertmy tkin 
ledoni These were included »□ the temary group and m tome of them terntry 
tHn lenoiit subsequently developed. The changes in the nefiognphs of the 
remtiQing cates were compinble with those teen In the cases m the second try 
group The reappearance of tecoodary tkm lesions in some of these coofirmed 
ihdr secondary character 

TTw occurrence of tcrliaiy k*ons n the only endeuct of passage wt 
of the teaxMlary stage, except the finding of a negative serum Kahn, which 
would Indicate that Uie disei« has cessed. Patients who hare hsd sccoodtry 
yaws leuont, whose sera are Kahn potmre, and who, at the time, hare nertber 
secocidaiy nor tertury leskmt are to be regarded at falling nto a latent ttjge, 
either tecondair or tertmy Some of these patientt may attend cTinici 
complaining of pain in the bones 

Thi CumcAL Loid'O or \awa, 

TMl DfTTtAL A.WO tECOCniAaT fTAOD 

Of 152 secondary cates wiih tvp*csl secondary skin leswni that were 
radiogriphed bemuse of bone IcsMjns 09 per cent (105) were 5 years of tge or 
less 80 per cent. (131) 10 years or len and only 10 per cent. (fiJ^) were orer 
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15 years The youngest case was 18 months and the oldest 40 years of age 
Fifty-three per cent ivere females Yaws infection dunng the first year of life 
IS very unusual 

The imtial lesion was present in 26 per cent (forty), and its scar was 
recognized m 40 per cent (sixty) of cases In eight of these 100 cases the 
imtial lesion was said to have onginated in a previously existmg ulcer 

In half of the cases the generahzed secondary lesions were associated with 
a relapse, but the number of secondary relapses occumng in any one case 
depended upon the duration of the infection The number of skin lesions 
was not necessarily greatest dunng the first eruption Successive eruptions 
often appeared before preceding ones had healed, so that lesions m various 
stages of evolution were sometimes present at the same time In late relapses 
the lesions were most numerous about the lips, axillae, gemtalia and anus, 
but these lesions resembled yaws not condylomata lata This resemblance was 
also observed in early secondary yaws skin lesions m adults Itchmg often 
accompames these secondary lesions especially when they are scabbed 

Atypical Secondary Skin Lesions 

Vanous atypical secondary skin lesions were observed, usually in association 
with typical lesions These consisted of forms which, compared with the fully 
developed papilloma, appeared abortive They included (a) pigmented macules 
(Fig 11) with shghtly desquamating margins, (b) localized, sometimes 
serpigmeous areas of fine desquamation (Fig 12) , (c) small papules, often 
in groups (Fig 13) , and {d) small, often shghtly umbihcated, hyperkeratotic 
papules (Fig 14) on the skin of the knee just below the patella The Lango 
recogmze all these lesions as the “spittle” or “thorns” of yaws These 
include the “roseole piamque” and the “ piamdes ” of Montel (1944) 

Some of these lesions may develop after the earher typical secondary 
eruption has healed No case of generalized desquamation was observed and 
often localized desquamation was only apparent after the skin had been rubbed 
or stretched 


Other Secondary Lesions 

Onychia was infrequent Dorsal ganghon (Fig 15) about the wnst was 
seen m six cases and swelling of the knees (Fig 16) with free fluid in the jomt 
cavity in seven , both lesions often cleared up spontaneously Secondary 
, lesions in the buccal mucous membrane (Fig 17) were observed in mne of these 
152 cases The microscopical appearance of these lesions is identical with that 
of typical secondary skm lesions (Hackett, 1939) 

Bone lesions are frequent dunng the secondary stage and are not destructive 
The findmgs of Maul (1918) that 20 per cent of cases of yaws develop bone 
lesions, would probably be conservative for Lango for all stages of yaws The 
bone lesions are often multiple and are usually indicated by pam, swelhng 
and tenderness “ Rheumatic ” bone pain, even in the absence of recognizable 
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bone Icfioni U etpcneoced «t tome time bv avtt cuca of Kcooduy rtn. 
The ewoDen fiogera of potydactybta (F g 18) tecognned by the Lic« 
*» “ y«ri cren id the tbaence of tUn leaioni. 

The cha m c te natic r*diogr»ph*c appeannea of aecoadaty bone k»» 0 Qi ire 
foct] rareficlKrftt (meWng iwtettii) and peno«cd dcp<wu (penotmia) (Tig, 
19) One or other tt timei appear* to be the carBcf change, but moat oftm 
fuch dirtmctjQO u impomWc, Thc»e bone leaion* inrtjre the mbole rinft 
of the booe, or a large part of it, rather than mail and loctiked area*. The 
development of thete leaion* t* rapid and tpootancous reaohrOon, which b 
baatened by apeafic therapy usual ui a few weeks or months, Epiphpeil 
changes such as occur in nckAs or co ng enita] syphilb were not obserred. 

On healing all endeoce of the rarefactMms usually goes, but some of the 
periosteal deponta may become organacd to the torface of the bone and had 
to cortical expansion and bony thickening (Fig 20) Sometune* the bones 
return to nearly noTmal appearance. Relapao nay ocenr The chaiactert of 
secondary bone lesiona, extentire changes, many bones JnvolTed ti^ 
absence of dcsmictioQ, are well tummamed in the polydactyfitis (Figs, 21 
and 22). 

No grosa goundou wu seen In Lango such as ilhmrxted by Borwo 
Roosux (192S). AiBoeg the 153 secondary cases with ahn lesions, onaor 
degrees of goundou (Fig. 23) were obserred 15 per cent (twenty three) la 
many of these when seen Later the swellings had decreased or disappeared 
AmoDg the secondary cases no tesiom of the skull or ribs were obaen^ No 
booe leacms ulcerated thtongh the skm. There were no spontaxteoui fractures 
flor any radiographKal eiadence of yoint lesiocia. Sihre tibia was freipendy 
aecsv though it, probsbfy only m part resulted from yiwa. 

The epitrodilear glands and spleen were enlarged in nearly 90 per cent, 
of the cases examined but the tplcxuc enlargcmeiit waa alrooat ctriainly doc 
to malsna. The lymph gland enlargement, which b so frequent in secondary 
yaw*, may m part depend on mfecooo of the numerona breaches of skin turfscc, 
osoaHy pr es ent m Afnam peasants. The pupil aiid knee reflexes were actire 
■nft the heart normal m 90 per cem. of cases. In the other 10 per cent, ether 
the kuee-jerki were not eCated or syatobc cardiac murmur* were present 

Of sixty three secondsry esses with bone lesKma, but with no tjpicsl skin 
lesKott, 68 per cent were 10 years of sge or lea* and 17 per cent were orer 
15 years of age 54 per cent were feroalea. The scar* of secondary skm 
Icaicns were observed in 80 per cent and the ejnthrochlear glands and splem 
were enlarged m 90 per cent In about 10 per cent of cases the knee jerks 
were not ehated. The heart, and pupil* were normal in all case*. Atypte*] 
secondary akm lesion* were present in an caaea, goundou in ten, dorsal gsngOon 
of the wnst m six and free fluid in the knee joint in three. 

Lesions of the palms and soles fiequendy occur as part of the gencrtEred 
secondary eruptwo and resemble the relapse Icskm* (Fig 10). Hoaera i 
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Fig 1 1 — Locnlized secondin desquamation on outer surface of 
right upper arm 

Fig 12 — Pigmented secondary macules with desquamating 
margins on dorsum of right hand 

Fig 13 — Small secondary papules often groups on lower 
thoracic area fiosteriorh 

Fig 14 — Small, often slighth umbilicated h\ perkeratotic 
secondart papules on left knee 





? ? ? ? 








Fig 26 — Chnnctenstic destructi\e ter. 
tnn bone lesions 

Fig 27 — Snme limb is Fig 26 6 

months liter final corticil 
thickening ind bon\ e\pin 
Sion 

Fig 28 — Teniin diculitis 

Fig 29 — Same hand as Fig 28 5} 
months later residinl 
changes 
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large range of appearances results from thickening and desquamation of the 
.palms and soles (Figs 24 and 25) In some cases much of the palm or sole 
maj be ln^ol^cd accompanied b\ pain and reduction of capacity for agricultural 
work Spontaneous resolution is often slow, hut is hastened by specific therapy 
and usuallj results in return to normal 

THE TCRTIAIia STAGE 

Of 119 tertiara cases radiographed for bone lesions, 20 per cent were 
10 5 ears of age or less and 60 per cent were oaer 15 years of age The youngest 
case was aged 5 jears, 60 per cent were females The scars of secondary 
skin lesions were obsened in SO per cent The cpitrochlcar glands were 
enlarged in 70 per cent and the spleen in 55 per cent Apart from cases with 
gangosa, no actnc lesions of the buccal mucous membrane were observed 
In about 10 per cent of cases the knee-jerks were not elicited, but the pupils 
invanablj reacted to light and accommodation In a few cases sjstolic cardiac 
murmurs were present 

In about a quarter of the cases there were tertiarj' skin lesions and in 
about the same number bone lesions had ulcerated through the skin In a 
fifth of the cases scars of tertian' ulceration were seen Tertiarj palmar or 
plantar changes were present in four cases Contractures of the fingers were 
present in four, ganglion in two, and free fluid in the knee joints in five The 
Dupuytren-hke contractures of the fingers were often unassociated with any 
obaaous palmar changes and sometimes occurred in subjects who had, appar- 
ently, never undertaken heavy manual work It is highly probable that these 
are not due to yaws, but that their incidence in tertiary' cases is related to the 
higher age group of those cases 

Bone lesions are frequent during the tertiary’ stage and are destructive 
Maul’s (1918) figures include some tertiary lesions Pam is present However, 
since only one or a few locali7cd lesions (nodes) usually occur, pain is not as 
pronounced as in secondary cases Single bones rather than many bones m 
the hands or feet arc affected, and carpal and tarsal bones may be involved 

The characteristic radiographic appearances of tertiary bone lesions (Fig 26) 
are well defined cortical rarefactions, usually localized and often containing 
debris (“ gummata ”) Localized penosteal deposits may sometimes develop 
on the related cortical surface, and into these the rarefaction may extend 
Finally, the lesions may ulcerate through the skin Occasionally diffuse and 
extensive rarefactions with penosteal deposits (osteo-penostitis) are seen 
Development of all these lesions is relatively slow and spontaneous resolution 
IS not so marked, probably taking months or even years Response to specific 
therapy, too, is slower, and in either instance some changes usually remain 
in the bone such as cortical thickening or increased cortical density (Fig 27) 
Relapses may occur The bone lesions of the hand summanze the localized 
changes, the few bones and the destruction of the tertiary bone lesions (Figs 



28 ind 2J). PubE«Jwd d«»cnptiocii of yaw* bone Ic«qo» do no< dorij differ 
eotnte •ccoodirT from tcrtniy Jewjo* (Haoeitt 194Sb), 

There were nodes on the tkoll m twentj cases, goondou m four and tanjow 
m three Nodes on the skuQ and tertury ulceration occurred at sQ ages, but 
were much more frequent In older esses. Although only three cases of fangeas 
were present among those radiographed, sc rersi other cases (Tij 30) were 
seen. Gangoaa and secoodary akm lesions wtae never seen m the same case 
at the same tune. This, together with Its de structl re character and asaocatioo 
with erther tertiary lesions, leares Httle doubt that gsngosa bekmp to the terthiy 
stage It often appears to stsrt m the hsrd pslste and a minnna] lesioe u s 
palatal perforation (Fig 31). 

The ebride* nerc thickened in twenty six cases, the ribs ui six cases, the 
scapulae m fire and the sternum in one case. 

Spontaneous fracture of a long bone was obserred once and gross ictne 
articular changes in a Urge joint ti^ica These lesions were not frequent TTvig 
the community Daorganlxation of phaUngea resulting in deformity or 
reduction m length acre seen m several cases. Bony ankylosis was seen only 
once, ahhoQgb in a few cases contractures in scars from tertkry ukendoo 
had cataed Kudation of jomt moreoxnt Many authors speak of sponuneoos 
fracturea, arthnoa and a^losts aa if they were frequent 

Patphy dentgmentiQan of the akin, without precrdlsg ulcentke, eras 
obs erv e d m a few cases la rcbtiofl to pinta (PaxDCKCAmLLO and Fnm, 
1^ SfrtTH 1930) is undeteniuned. Jurta akjcular nodnJea (Fig 32) and 
pre pateOar bursal enUrgenient (Fig 33) were each obscrrtd only otice among 
the cases radiographed. These ledons were more frequently seen m older 
pieople in the community and cenamly bdong to the tertiaiy stage. 

Lesons of the palms and soles frequently occ ur dunng the tertiary stage. 
They arc often eitennve and are character iied by thickening and eroakm 
(Fig 34). These changes are often difficult to difleTcntiate from those m the 
secoodary stage, but the progresa and re sp onse to treatment are slower and 
the final result is more often a depigmented atrophic sUn (Fig 35), Published 
descriptions of palmar ind plantar yavrs leaiona do not dearly differentiate 
secondary from tertiary lenons (BtDLMUCf 1911 HAU^EtBOtcai, 1916 
Gutiikmx, 19? 3 Surra 1930 HnDiA>.i, 1901 and 1939 Simtsok 1933 
Mowtel, 1944) Tertiary palmar and phntar changa appear to be more 
frequent in without than in those with bone lenons. 

The above descriptions indicate the vancty of lesions observed In Lanjo. 
From pubEshed descnpUoni a similar vanetr apparently occurs in other 
commumucs where raws ts prevalent. 

Tnt Coc«*t Of \ twL 

Some authors speak of mtial and secondary lesions that persist and later 

undergo the destructive changes of the lertiarr stage. There was no cnde» of 

this nor of the ocrurrence of ternarr lesions m the scan of secondary lesioei 
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m the cases studied Accidental auto-infection is not a necessary explanation 
of the occurrence of secondary lesions on the buccal mucous membrane, since 
the distnbution of the skin lesions indicates that spirochaetes must be circulating 
m the blood 

It is possible that some of the subsequent eruptions of secondary lesions 
may be accidental re-mfections Although experimental re-infection has been 
shown possible for 2 to 3 years after infection (TueI'JER, 1936), it is probable 
that the degree of infection necessary to produce this would rarely be encoim- 
tered under natural conditions Auto-moculation by secondary lesions ma^ 
occur m the axilla, under the breast and between the thighs and buttocks 
Here friction, moisture and duration of contact play important parts 

Secondary lesions of charactenstic yaws appearance on the hps, palms or 
soles were seen in a few older children and adults who were said to have had 
the generahzed eruption m childhood, and to have had no further skin lesions 
until these appeared It is probable that these relapsing lesions help to mamtam 
the infection m a community The late recurrence of such secondary lesions 
indicates the difficulty of definmg the secondary and tertiary stages in terms of 
duration of infection 

Although It IS not known precisely what percentage of yaws cases fail 
to develop an initial lesion at the site of infection, a very large proportion, 
within a few months of infection, develop typical secondary skin lesions It 
IS possible that neither initial nor typical secondary skin lesions may appear 
and the patient may be unaware that anythmg is amiss until secondary bone, 
atypical secondary skin lesions or tertiary lesions appear 

Most of the more typical cases, after 2 to 3 years, will become free from 
secondary skin lesions, although some may have active secondarj' bone lesions 
Some cases after the healmg of the secondary eruption probably overcome 
the infection completely, and their sera then give negative Wassermann and Kahn 
reactions Of those which remain infected (latent secondary stage) many 
develop no further frank lesions, but suffer indefinite aches and pains of varymg 
severity, for which, although yaws may be in part responsible, there are usually 
other possible causes As time goes on an increasing number of these may 
overcome the infection 

Those cases that do not follow' this benign course undergo a change in 
the reaction of their tissues and develop destructive lesions of the tertiary 
stage The time at w'hich this change occurs in relation to the duration of 
infection is indefinite 

The youngest of the 119 patients with tertiary bone lesions w'as 5 years 
of age Of the tiventy-four w'ho w ere 10 years of age or under, excludmg one 
aged 10 who could not recall any earher lesions, all except four said they had 
had the disease for some years These four were aged 5 to 6 years , two were 
said to have had yaws for 1 year, and the others for 3 and 5 months This 
information regarffing time from patients’ statements must be accepted with 
caution It is probable, however, that tertiary lesions may develop in some 
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wpeotlly in dnidrcn, a early « 2 or 3 yan tfter infectjon. Of 
the remaining ninety-fire tertiary exaea otrr 10 yean of age, all except three 
giTc hmoriea of having had yawa in childhood, totat yean preriomly 
Statcmcnti in the fitenture {eg^ Stawnui 1939) that 50 per cent of b<« 
k»KJn» in yawl occur within 12 months of the Uuthd knoo, and that la any 
groop of yawi caaea, 50 per cent of theae with booe leswos will be under IS 


DiMjaui 


POSSIBLE COURSES OP YAWS 

yeart and 75 per cent onder 20 yean, are apparently baaed on the fiotfanj* 
of the twenty cases of Mactl (1918) 

After the resohition of tertiary Icatoaa spooianetrua cure may o ccu r or a 
talent tertiary stage may be entered. From the batter teroary lesiooi m*y 
relapse or the nfcctKKi naj be o T c fcome 

StncuAXT 

The uutal lesion may heal before lecondary <roa •P?c“ ^ persitt 

mto the secondary stage, AD other active lesions, apart from a few soch » 
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ganglion, hydrarthrosis and goundou, which may occur in more than one 
stage, are either secondary or tertiary In riiany cases secondary lesions cease 
to relapse 2 to 3 years after infection In some cases lesions of the secondary 
type may develop years after the earliest manifestations of infection have healed, 
while in other cases tertiary lesions may appear within a few years of infection 
In many cases there is a more or less symptom-free penod of years betweep the 
healing of the secondary eruption and the development of tertiary lesions 
Lesions of these two types are never observed in the same patient at the same 
time, nor is the imtial lesion present when tertiary lesions have developed 
Bnef descnptions, with illustrations, are given of the chief manifestations of 
yaws seen m Lango Diagram 2 indicates the possible courses of yaws 
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A short film made by Dr Hackett was shown which stressed the 
lesions of the disease as seen in Uganda 
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DaconioH. 

The Praldeni We tre very much indebted to Dr HiiaciTT for ho tctt 
load •ccooat of ho mrcrti^ttiOQi on the coum of y*wi. At he hn toid me 
on nMny ocationt, there hn been in the Rtenture t good deal of eocft«w 
between the aecondiry and tcrtiaiy Icalont In yaw*. Dr Haocitt them 
ta, m the firtt place, the primary Icttoot, the typical aecondary kttom and 
the typical tertiary letioni He bn then deaenbed and ilhatrated the len 
typical leaiona which are aaaodated with the typical aecDudarT and tertmy 
leaiona. The*c he haa condaded are aceondarr or tertnuy leaiom ta the r*** 
may be. I think there can be no doubt that he hn grrezi os a dearer plcnirc 
of the actual courac of yarn in ni derelopiDent Iroin one itigc to 
Many here know a great deal more about yawt than I do and I Iwpe cr o y bodj 
who wants to apeak will do ao Dr STamtis haa had a great deal of expenenct 
of yaara m Africa and I call ttpon tom to open the (fiacoaaion. 

Dr H 8 StanQDl I am aura I am expreaaing the fcduigi of c T tr yoo e 
when I lay how moch are have enyoyed Dr Hacutt'i pap er ttua evening. I 
ana very pleaaed to aee that yxan was to be the subject of hit address as I tMnk 
too often we oeglect some of our old tnenda. Dr Hxcdtt baa touched oa 
many point! of interest which ariH lead 1 am anre to a good dacutslon. hliy 
I b i te O y refer to some of then. 

Haa he any explcDctioo as to why the outamn vicar of tre p o uemi toal 
•eema te find favour In the Umted Staieti, while in Europe are regard yaws tod 
eyphilia at separate enodea ? I hare foOoared Hemsax's vlean hw titt begio- 
mng, neare based on hn obeerntlona among the Arabs in the Euphntea valley 
I aaw hla pbotographa and diacuaaed the conhtioa called *' bejd ** with hiA 
yet I area Idb In do doubt m toy ova imnd that the condlbon was sypfaUla and 
not seme bustard type of yaws. 

Pjn Dr HafvvT T offer any explanation of the difference in ioadence of 
yaws and syphitia at Lira and at Msaaki ? It would appear to be a matter of 
tome importance. 

Reference was made to " the coofution in scano recently pubGabed rTrnwal 
deaenpoona” of the diaeaae. May we be told where tbcae deacnptiona nay 
be found, and whemn they tre confused b 

Hla deacnptiao of the cffnlca] aspects of the (fiaeaac does not cEffer in any 
material point from the pKiurc with which one was fimuTisr (alas I) many 
years ago I wonder whether Dr HaOceit and cabers have any views tm lenoca 
of the mneoua membranct ? He ootea in tone of the 152 cases leaioM of the 
buccal mocoaa were ther Icawna which had crept ” over the miu»cutaDCOua 

jnnctKm? I myself have nei er seen a kaaoo which was not susceptible of tha 

ciplanaticn. The patchy deptgmcntation of the akin, with lu tpeoa] dbtriba- 
non, again n an interesting phenomenon. One aaw many auch cases but 
what is thcif pathogeny 1 They do not to my mind reaemUe the amSooa 
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seen m pmta — another separate treponematosis He sa\\ no case in which an 
old and persisting pnmary yaw's took on the characters of a tertiary lesion It 
would be of interest if other speakers would give their observations I believe 
the change does take place In regard to lymphatic glands, I believe only a 
very general statement can be made A generalized adenopathy may occur m 
yaws as in syphilis 

I had rather hoped Dr Hackett would have finally thrown overboard 
the old nomenclature of primary, secondary and tertiarj' stages and given us one 
iiased on sound pathological findifigs Would Dr Hackett tell us why he 
regards yaw's as only one factor in the aetiology of sabre tibia ? He has always 
been particularly interested in the bone lesions Can he descnbe to us the 
finer pathological changes underlying the gross changes depicted in a radio- 
gram \\Tierein pathologically do the periosteal deposits m early bone lesions 
differ from penosteal deposits in later stages ? 

Lastly, Dr Hackett has referred to goundou and to Botreau-Roussel 
The occurrence of the truly remarkable series of cases of goundou and fram- 
boesial osteitis collected by that author has never been evplamed I wonder 
whether Dr Hackett can suggest any e\planation of the uneven incidence 
of this condition ? Is some nutntional deficiency a possible factor ? 

Roussel points out the close resemblance between goundou and leontiasis 
ossea Many years ago 1 collected all the published cases of leontiasis ossea 
and other sinular conditions 

I found I could match practically each of Roussel’s cases with one from 
my senes — leontiasis ossea, the “ creeping penostitis ” of Lawford KNaggs, 
fibrocystitic disease of bone or Paget’s dise^e 

[Slides were shown by Dr Stannus to illustrate some of these points ] 

Dr G M Findlay As a companson with the account of yaws m East 
Afnca, a few remarks on the same disease m West Africa may not be without 
interest, as in West Afnca the population consists largely of Sudanic negroes 
and Hamites, with semi-Bantu and Bantu tribes only in South-Eastern Nigeria 

During the war, the immensity of the yaws problem in the Bntish West 
Afncan colomes became fully apparent Apart from insufficient physical 
development, with failure to reach a height of ft 2 in and a chest of 32 in 
yaws was the most important single cause for the rejection of recruits Ot 
4,647 recruits examined in the Northern Temtones and Northern Ashanti in 
the autumn of 1942, no fewer than 3,260 or 70 1 per cent were rejected In 

Ogoja and Okigwi in Nigeria 75 per cent were rejected, chiefly for yaivs crab 

yaws of the soles of the feet, chrome bone lesions, ulcers and tissue paper skin 
on the legs The rejection rate for recruits throughout Bntish West Afnca 
was never under 50 per cent and in some areas of Sierra Leone and Southern 
Nigena reached 90 per cent Similarly, yaws was a major cause of invahding 
from the Army Tbs state of affairs is not surprising when the extent of yaws 



in the avU popnbtion befwe the w»r is tiVcn into iccotmi. In Nijem, }q 
1938 tnd 1937 110,533 tnd 90,22 d paticnti were treated In Goremmeitt 
hospitals and (Espenaanes. As the popolatjon erf Vigcrb is approMnntdj 
21 000,000, this means that m each erf these 2 jxars jon unilcr ooe In 200 of 
the Khtde populadon was treated for jawi. K rehihJe obserrer amonj ti« 
Tit of the Benito A aDcy has estimated that 05 per cent, of the popolatioo ho 
raws m chJdhood, and the other 6 per cent when they are frown op In 
Zuanm^ Dispensary la the Northern Temtones of the Gold Coast, shew 
300 patients arc treated erery month and SO per cent erf thw hate tasia 
inademaDy the sodil deSniOtm of a dupenaary m the Northern Temtooei 
is a place where yon get treatment for yaws tod wor m s. In the Northern 
Temtones, with an esunmed population of between 750 000 to 800,000 the 
yawa cases treated m 1938 were 31,277 and in 1937 47 104 in other words 
appnmmatdy ooe in twenty of the population rteeiTed U e slm ciit m of 
th^ 2 ye ii a. In 1937 m Eanem Dagomba, 14 000 out of an cstitnated 
populatioo of 60000 received yawa treatment 

From the Gambia to the Cammions the picture it eery much the tanu- 
eren in those areas where yawa campaigns hare taken place. Only in NortberD 
Nigeria it yaws r^urely uncommoQ and here syphilis takes its place cases 
of cardkrrucalar discaK tnd of oeuroayphila were Car extra commoo m 
aoMkra haiHog from Nertheni Nigem than frecn any other area. In Northeni 
Nlgem, abo it is ocetnonally poaaihle to encounter a tnbe such u the Iregwe 
who nre round Mlisgo Mountain oo the Jos Hateau mhich has no arord fee 
yaws or ayphlBi In all other areas yaws is so well known tlot it b one of the 
few (faseatet which is unaasoatted with ideas of witchcraft or magic as regards 
either canaatfoo or treatment Only among the Twj and Gl, when chrome 
yawa olcera refuse to >>«1, is wKcfacfaft con si dered, while among the Tr 
g an goaa u thought to be due either to a malignant apint, the •iomio * 
or to the machinatiom of the K^ctmr the local wiichginld then the disease 
may be &uL 

Throughout West Africa yawa ta primarily a dbease of the bush rather 
tk^ of the Urge towns. In Abeokuta and Ibadan it is not common to set 
pr imar y or secondary yawa although there b plenty of tertiary yaws. Yaws w 
n br* a seasonal cEscaae inratigations in Tillages show that during the rauu 
there are then more cases of pronary and secondary yawa than tt any other 
time. 

In mat commaniues the pnoory yaw is rare before the age of 18 months 
the peak years arc from 2 to 5 with a gradual dedine oD puberty Amoog 
women m the early twenties there b again a nsc m modence of eight young 
woroAi with primary or aecondary yawa the primary was la eicry cw « 
the breast or the infection bring been caught from a yaws fauected 

child who was still brwt fed. 
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Some light is thrown on the method of infection by a study of the site of 
the primary yaw In 100 consecutive pnmary cases seen in the Gold Coast 
Colony, the pnmary yaw was situated as follows 
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Thus the parts of the body in contact with the ground when the patient is 
sitting are the areas most commonly affected The clothed children of clerks 
and hterate Afncans are much less likely to become infected 

It is questionable how far flies contnbute to the spread of yaws in West 
Afnca 

Many mothers in West Afnca deliberately expose their children to infec- 
tion in the belief that pnmary yaws in childhood is less dangerous than in 
adult life In fact, the Tiv believe that if an adult contracts yaws he vnll never 
get properly nght Some tnbes, such as the Dagomba, think that if treatment 
18 begun within 6 months f/om the date of the appearance of the pnmary yaw 
the disease vnll inevitably recur Thus it is found that the mass of patients 
coming to hospital are those with chrome ulcers, bone lesions and yaws feet 
Of 5,136 cases treated m Tamale Hospital 75 per cent were tertiary 

A point which is not often emphasized is the frequency of overt signs of 
food deficiency in children with secondary and early tertiary yaws As an 
example, one of many surveys may be quoted In a Dagarti village, Takpo, 
some 15 miles west of Wa, at the end of the dry season in May, 1945, it was 
found that there were in the whole village 290 children under puberty The 
children were for the most part well nounshed as large amounts of pito, made 
from fermented guineacorn, were drunk Of 233 without signs of yaws nine, 
or 3 8 per cent , had evidence of defiaency disease (glossitis, cheilosis, angular 
stomatitis, scruffy scrotum or crazy-pavement skin) Of forty-seven children 
Math pnmary or secondary yaivs, seven, or 14 8 per cent , had very marked 
signs of food deficiency Dysentery and malana are known to precipitate 
signs of food deficiency 

Pam and aching in one hmb followed by pain in the knees and then in the 
other joints are the most common premomtory symptoms of yaws 

With regard to the secondary lesions, the frequency of ciranate eruptions 
may be mentioned Where a secondary eruption recurs after it has disappeared. 



foDowing iftmEnem tre«i»m, the leuom qmte freqoemly do not rreur « 
the o3d nlcf but in freih iretv Tlic occuxreoct of a tecondtry Ie«on on tit 
tkni penii U noi uncommofL Ctae* whejr the pnmtiy yaw atilJ pawtta in 
anoaauon vnth a weD-dereloped aecondary entptiom are aointtnnea Men 
more nrcl) a tabre ubra may bt found in tjoocution with a atiJJ peraminj 
•ocofuiary ruh. Lon? perwttence of ■ aeconduxy yaw h weH known to many 
tnbe*. The occurrence of a •emi-perattfcnt )iw on the buttocb aroooj the 
Hv rendera the youth an obycct of ndiculc and prrrcnta hia o) tainiciff a wife. 

TTw occurreocB of a mciungmnua daring the aecoivJary atage, accom- 
panied by an increue in amall lymphocytes m the ceTtbrwpiiuJ fluid, ahould 
not be forgotten the Uveretsed etti count tend* to dltappear in 2 to T njonthi 
but further obaerration i required. 

It rt doubtful whether any hard and Ust Tne can be drawn between Jjte 
aecondary and early tertiary b«e Icaioat In Weit Afnca gummatota cntcftn 
with pcnoatitta comes on much more rapidly and acutely than it docs in 
Africa pain n aerere and aometimes (here is fever 'Hk tibta Is most cooi 
monly affected but other oies are the lower end of the radluj, the inner end 
of the ciSTick and the elbow region. Dactyhtu which may be a secondary 
chaD|>e, iM more commoa in the fingen than in the toea. Traunu, cm a 
bruiae,niavbefoQonedbytyawspenosiiln. The ao-ciaed big bed w probably 
a yaws penoatitu or an mffained buna over the tendo AchlUea. Ulcenlkm H 
moat eomroon where bones he near the akin recurrence ii frequent and when 
the tkin beak it may be puckered and of tivue papa* conawtency Depig 
roeotauon u rer\ comroofl whfle cooiractiarea f the fin g ers or toes art by n 
meant rare. 

It iJ cunoua that yavn ulcers, though smears mvsnably show ttaphykeoed. 
rirdy become infected wuh \'ineent s tptroebaetes and futifermi. The Infee 
tinty of these aJceri requires further sludv 

Crab yaws with hyperkeratoais it roost cororooc m the run* and faUowi 
trauma. It roav affect one or both feet while in rare casta the palms of the 
bands may be inrohed. In one oataoce the flevor aurfacta of the toes wm 
Invojred but the soles were unaffected. In the 81st West African D vi»«, 
during the return from the Kakdan in 1W4 the addiers femnd then bocO tea 
heavy anft threw them twwr a icnisble epidemic f ysws feet occwrii 
laws feet have to be diilmgursherf from self inflicied injories made with • 
razor blade, from cracked feet, more coenmoei in the harmsttan, from ttey 
pitting over the bed and heads of the roetaurials, changes which have been 
seen in Europoua, and more rarely Iroro rat bltta and from the bies of ib< 
caterpillar of the tiger beetk known in Northern \igena a* the /era or /ara. 
There a aoroe evidence that this beetle tray h%e as far south ts Eftugu 

Ganglion was %cry common in aoldieTs goundou and gangota were, o» 
course, rare Among 00.477 Afncan soldiers admitted to hoapitol there were 
siiti-eight cases of gang! on, two of which were on the dortum of tie oot 



1 \\< 1 


Ol 2'2 pc’- IOmO \m-i’.. Hv KS J iiri'pc-in f^tli'icr {} rrr wrtr 

UK.'idm -< on- fo' t !t .,10 1 {1 pc' hI’i, nn'J nil .1 n <>f nhni. 

tv\o vJ-r i-c'dila ik\r II -’"‘i 111 'cr\in> »!»! ii «> ^ tc f-pri’dlh u\ ?’ir >o'r ! 

ttuiinoUhcfy'I.H. '• wnamslc fn’ic-cl p'-'<cn! of 'he p 

Uoii iri :i‘Tcv'C(l i! 1 i 3 V I'cv c!i'p \r t pu^v \hn "it’c-ij IJ tk t!opr(I\n<,-> 

< n ■> 1 '! - Ic'i ' he c cr-ti Oiirr tn’c^li > i 'i il !' iimH’ if e v\jr,l 

,'t\<li'pcil conn!' ) Win i "■n hr h .4 \ r'l ihvrlnpr } hiktrul '* lUttihni 

pc’n -- 1 - nr thi- tuh' tih 4 mn' r n I cr r, ifiU ')ul’ (ii llrn’i) Mill 

Ti, tiltrr t \c ' 1 1 ■ II i!<i j t m ,, ' u.d'niik nrlti'u ni n hi 

-ct I >>' c' ihc t li*'' 1 !> tr ('!• ii’ n-’ lli-' hi hr ,! n 'hi- h )' <he 

•niic' ra.r .‘1 'he i h' In ii-ii i i r <* > >• ih' > "-hr Iv-i* i rrn mu n rre 

pn uivr ill ?1> (iti i5 > ' tc a he • "na r i* h - i c ' (.(ff ‘tr ff ’nlrd 

-c cil ijiii 1 ' 'I ir It n* ncir » cl' ' . 1 c,** in I'l ci 'nt jI \ ,1 f • iitp*' i 

ni i\ I'c ‘trr i h , )i t'l -tV ir , h i- tn'' - ,* n h i h Nne , if iit < in tdir niilv 

ihc ,fl l ijr I,’ h” I " J' h £ !( r j* 1. 1 r 5 l'» ir I hrrr t i i • ti r I,, 

■'pnl of the '* cai'r,' lu- -\'! hr ^ tl t i i-- i hr •<. in’ t * c I'l of 

/ r/f f I "it l'<» n l’ r >• i. r I pi 'S -Mr ' , c r , '!ir\ r'' 1 1 M pruirjlhu m 
nrp'opf '’tr d' r I’lepici’ rl ! '• . u5 m-la -’■lun'i'- t, dr , ’r coin i <i‘i 

Hir kf r' ir ’V hr >rr I o 1 i; r < 1 If! >T pCi , »•' 'hr fo;r-ijn> ' niir «} Imto 
f'oni tiic jii i<’ n ni (rt t. 'i!i','t k ", jf r.nhhn • iniii.n i havr 

hftn ii-ri I o ' ,h(r lip in ^ "to ! I (ih * dipt rjii nr oi nr, m oiih' o'Hr* 
iiMr of llir i' nil 

In o 1C 1 r 1’ c o u p'-co'it' rtfiKoi’ trt i i.nii jic 'o i ' it ic 'fn! m rjlr i 

■1 tire uf f’-'n n- t he i j) rn Jr-ioi, f<ivr ih-ipprirrd ffilhininj' t,n> 

or tn-o micilions o it\ in , frep rnii do no* -r < sn fo' Int hf Uc ilmcni Jn i 
n- in inpanm 'inr I cniip't.'n ihIiIUhI ar prop , iiul-' h i i inj.i nrn dliirrur 
irilvt In niulcr l-iiitl dinr f ''r o \fin in nm id urll It tnii.fd Uni 
in iifiiicni ifciifiirnt <>'' \ j j diin rrotn lint ’>'>! pie rnl Jiir'hod' of 

conirnihni; \ju« in We l \fnt i iri iiniletjiiin ind line fithd 1 iinrnt ilds n 
iccn h\ Uir 1 ) I iinoiird tif ill hrilili nhirh i- 'oilii I'lrihiti ihlt to,r'ti in \ lu"- 
I, I- perinp lime ilni fee h ctri'ivr tli'mtdd v i <ltmtcd t,i tlic irniimni ol 
\lnt i<- on' of ihr % nr i con .-r- of iln \\c t \fri< ,n people 

LIcul -Colonel J C Watfs lUccniK I w \ m j n ' tni! in nir iiutlit.i1 
arrmi;cir.cni for nme 2<Kh(VKi Jndonc-ni, J imiucd ih il llic i i c- of 
nit- in J '11 -cciiicd htnii'n , lltei vrn lit/rli pioiifcntiir liul llirrt lure 
ten feu uiih ircis of cro on I do ii,»i m hioidr ide in Ui' dchut liclut cn 
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Dr 0 0 Chettmtum I am enci£cd to bear tint Dr IlMam hu ibc 
buooilar new of the qcmion, «hKli •eons to roe dcfinltdr the right one 

In my experience of 25 4XX)c»*ci. One wooden whether the pertmeat tecondiiy 
yiw* do not redly prevent the tertury lesion I never found snyone with open 
cnb yxws on the feet who had any tertnry Icsioo st tlL It may be that they 
form a fixation point or produce i aort of tuto-racanatioo pri^r m itn); the 
leaion developing. I can ctinfirm the hcsiUnon of tribes people to hanng thru 
children treated until the retllvflondentpQon appeals One got the Tm^ceasiOQ 

cases that were treated when only a few secondanea were naiHe had 
reLipsea more often than those that had Ueaiment when the flond enjptjons 
were out I wonder whether the rdaove hunadity b not the explanaboo cJ 
the (Merencea of the types ot Icrioa described. They arc mor flond in the 
mmstcT reports of the bodv and of the woriA TTic capnoousneas of the onset 
of the tcrutry Imona hu led some pcmutiTe peoples to atuibute this to witch- 
craft, and It ts iQpposed to be the cune fttm the o t g k cl of a certain taboo. 
One often ow tertiary lesiont appearing in women after chddHith. For tbc 
treatment of the tatury lesions I have much mote confidence m lodidca ttgtn 
in bamuth or arsenic I collected a senes of cases of raeianooc ci fdncam In 
aaaodatiOQ with cnb ytwi, tt Is one of the commonest naJigteuit (amours in 
Afrscu ne g roes. Has Or HACXrrr any endenee of penrascular round cdled 
infiltmicai around the tertiaiy ladoos of the shin I It s suppoeed to be the 
enterwn betw ee n yaws and ay^lo. 

ProfetBTT T F Hirer At the ntk of being tedicpos, I should lile to 
make a few remar ks in favour of the uaiuiun new ] spent a long time when 
I was in the Sudan trying to collect a senes of cases of yaws in the soothem 
part of the country for coenpansoo in vanous respects with paucnts suffering 
firoo syphifis in the north I bad studied the tsbie of differcnttaj dlagnosu in 
Muoat Barks book and was finniy coo -meed that it should be pusdile to 
mike a ffixgRoats of yaws. Unfortunately although I \mted the prinapsl 
yaws areas m the south. I found it qiute uspussiblc t dotinguuh between 
yaws and the m o re fiend examples of cyphiba occumng futhcr north. In fsd 
there was a gradual gradation between the types encountered in the south and 
thoae in tbc north where the efisease. eapemfly in Khartoum, arts frankly 
venereal typhihs. I examined the cerebroapmai fluid in a great many cases 
and found a moderate pleocytasts in many of the dasucal yaws cases bat do 
neurdopcal sigia. As one tmeDed north ncuroiogKal signs became mamfest 
and fra^ meningo-Tascular syphilis was encountered commonly m Khartoura. 
The chef fwiaoc of diflerenct seemed to be the race of the people mroJ ed, 
although there were also dimaoc diffcrencea. I would suggest to Dr Fcmat 
that ha natives from the north who contracted neuro-syphihs did to because 
they were a different race from thoae in other areas had yaws without 
rfiniral neurological egni. In the Sudan I collected hopay i pea mens from 
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lesions of yaws and comparable stages of syphilis, from different parts of the 
country, and found it qmte impossible to discover any histological difference 
between them Dr Hackett mentioned that a lesion of the soft palate he 
excised for biopsy showed the histological charactenstics of ya\TO in the secondary 
stage, but I should very much hke to know why it ivas not characteristic of 
syphilis I do not believe that histological investigations will help us in the 
least to differentiate between the two conditions A more helpful method, in 
my opinion, is the collection of strains of spirochaetes and study of their action 
on experimental animals This has already been done to some extent but the 
findings are inconclusive Workers m Jamaica claimed that the testicular 
lesions m rabbits with yaws were characterized by a granularity of the tumca 
albuginea, but I saw some of these specimens and the change was by no means 
constant I collected a number of strains of spirochaetes myself in the Sudan 
from different kmds of cases and injected them into rabbits and ivas unable 
to discover any difference between them, although some were from yaws in the 
south and others from typical syphilis in the north My work was not com- 
pleted because I left the country too soon 

I should hke to deprecate a too dogmatic division of yaws from syphilis 
since I am certam the criteria do not ivarrant it I should very much prefer 
to call the condition “ tropical syphilis ” Finally, I ver^' much hope someone 
may study the strains of spirochaetes by ammal inoculation since I believe this 
IS the most hopeful line of research 

Dr F Murgatroyd It has been suggested that the treatment of ya^vs is 
less efEcacious in the early stages than it is when the disease had been allowed 
to run Its natural course for some time, and I understood Dr Chesterman 
to say that he found that patients with minimal lesions responded less favourably 
to treatment than did those with more flond lesions I wonder, however, 
whether the two classes of patients received the same degree of treatment, or 
whether the difference in the results of their treatment might not be explained 
by the natural tendency of patients ivith mimmal lesions to leave off treatment 
sooner than did those whose lesions were more pronounced 

Dr Chesterman (answenpg Dr Murgatroyd’s question) With a view 
to ensunng complete treatment, we used to insist on payment in advance, or 
a money pledge to be returned after fimshing the cure 

Dr J F E Bloss I should like to ask Dr Hackett for further infor- 
mation re the nutritional side of the disease In the Anglo-Egyptian Sudan the 
disease is undoubtedly far more common among the pastoral Nilotic tribes than 
among the agrarian Zande The former can be regarded as “ blood and milk ” 
eaters, while the latter are purely vegetanan The difference m incidence 
between two such widely different groups of tribes would suggest that nutri- 
tional differences might have some effect on the incidence of the disease 
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Dr R B L«ech Wm »njr cndence found luch u the prerdaact cf 
tertiary le»on* that y*wi uwd to be more ctx n mo p at Mauka fujgatiBg the 
derrfopment of aome tnbal immunity? 

Dr HaekeU m replr to Dr STA.'rewa quotjon why Amenca wm rxb 

a atronjbold of the behef that yawa and ayphlb* aiere the tame di**'*^^ k h 

pcariWe that it waa or>c way of refutmg rite aUesed Amencan onpn of aypbnia 
which wta ao atroo^ coQteated by certain American wntera who were aiu» 
" cnitiotta. 

Among diffcrcncea between the populationa of Lira and Maaalu that mar 
be related to the (Efferent toadeoce of yam and arphSta were the original 
paatoraJ puramta, atnet roorij code and undrcaa of the former compared with 
the agneukuraJ actinty free moral code and clothing of the Utter It U pcueibJe 
that once yawa la well eatahliahed in a community ayphllis may not get eitib- 
Sshed becauae of croaa Irnmumty reaulong froni childhood ram. 

Recently pubhihed confuaed deacnptioca of yarn may be found (n the Uu 
eitiora of many atandard teetbookv 

The aeeondary buccal mucou membrane Itsiona were remote from any 
akin poitctiana and eertajoly did not arUe hvta any aprending Itvioo of the akio. 
Trauma did not ap p ear to pUy a part The infrequence of reports of these 
letiona ts poatibly aaaodsted ariih the dlfBculues of examining the boeeal 
mocota membrinies where bright light throws dark hadema. A null oral 
nght n eaacBOal la these obaerrationa. 

Depigmenation <fid not always >pp«*r to result froro a cam og fofkming 
ulceration. 

kawa was thought to pUy only a part m the produOion of sabre tfUa 
because although many legs were ohaerved for consnJeraWe penods, the toper 
poBtion of traemga of Lateral radrographa showed mertaaed curriturc resulting 
only from penoateal deposition and organuatiOD on to the aotenor tibul cortex. 
In no was there an) increase m cunraturc of the posterior tibul oatlnK. In 
addition, a few young chddrtn were found with bowed titnae in whom there 
was no dinical or serological evidence of ferro u s yaws. 

As regards the presence of tf rochaetea m tmury lesions, they have been 
found in tertiary bone letions m a femur brought hack from Uganda. 

Hotopatbological diflcrtnces between yaws and sypinhuc tewoos btve 
been recognised by HiLLUrBEatn* (1910) n the absence in the former of the 
classical syphflrtic change of the blood rewels. This a not supported by 
FEna and Tuattt* (ISfT)- 

Goundou would appear to bo tecondiry yaw^ katon. Anr apparent 
irregulanty in dfltnbutioo should be checked by adequate ohserratioos. 

To Dr FrrnutT No evidence of assocutjon of trptcal secondary and 

tertiary yaws lesions in the same case at the same time was found. Sabre tibae 

are more hkeW t be aisocuted with the generahred changea of the secondary 
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stage— and probably a major part in their causation is not ya\vs in ongin No 
lumbar punctures were performed in the Uganda cases 

To Colonel Watts A recent paper by Dwindelle et al (1946) 
indicates that secondary yaivs responds well to pemcillin but following total 
dosages of 1,200,000 O U in 4 days only 10 per cent of cases had negative 
serum Kahn reactions 6 months later In a comparable senes of cases of 
syphilis, about 80 per cent of negative Kahns would be expected 

To Dr Chesterman No evidence was seen of secondary eruptions 
protecting against tertiary lesions, although Schoebl (1928) observed this in 
his expenments with monkeys in Mamla 

Regarding the relation of type of lesion and relative humidity, nothing 
remarkable was observed in the Lango They said yaws was more prevalent 
in the i\et season There were peaks of yaws attendance at certam seasons 
but this w'as more probably related to slack penods of agncultural activity 
No inadence of tertiary lesions following childbirth or of “ melanomata ” in 
plantar lesions were seen 

To Professor Hewer Although yaw's and syphilis may be regarded as 
tw’o diseases, the tables of differentiation m textbooks purporting to demon- 
strate this are practically worthless (see Stannus, 1936) The mucous membrane 
lesions in the mouth were observed on the hard and soft palates, the antenor 
' pillar of the fauces and once on the tongue Their histo-pathological resemblance 
to secondary ya\vs skin lesions did not imply differentiation from syphilitic 
lesions However, macroscopically, their granular surface did resemble yaws 
rather than syphilitic lesions It is doubtful if expenmental ammal infections 
w'lll declare the difference between yaws and syphihs — such differences are 
always liable to be discounted on the grounds that they are quantitative and not 
qualitative The best approach would be the production of pure cultures of the 
organisms concerned, perhaps chick-embryo cultures may serve this purpose, 
then differences in antigemc structure could be sought 

To Dr Bloss There was undoubtedly nutritional inadequacy among the 
Lango, how extensnc it was and what part it played in relation to yaws is not 
known The Lango diet is mainh , but not entirely, vegetarian 

To Dr Leech It would be difficult to obtain data regarding the incidence 
of tertiarj' yaws lesions at Masaka since most of the yaw'S occurred in Banyaruanda 
(Belgian Congo) migrant labour w'ho would probably not stay long in the area 
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Atebnn, fim rmtbcwed hj \[trr*cHE »nd \ULt. had b«o t3tttm\dy 
died in imJtm ibcmpy before the oatbreai of hit and lU raltre tt a poljTiJem 
•duiotitjadc defiflittly «tahhabtd for the foot ipccica of malaria paranin 
affecting man Within a ihort pencMl of the drag becottung avubble J\M£f 
NicOl and SHm (1932) tbcRred that the Rome itraln more tcautire to 
atebnn than qtnnioe Jamu (1933) gave 0-3 gramme daily for 6 to 7 diyi io 
irnfarlduala cipoaed to three to twenty-one infcctiiT bitea (P fdafmrwm) 
No oren artadki occurred lo a penod of 14 montha ao that the pattenti were 
regarded ta being free frtnn raalana, CitXA and hia coJlcaguca (1937) obtained 
fall protection over a period of 12 mocithc m uidiTiduaH erpoaed to P faia 
pCTwm while takmg U 3 gramme of atebnn dailr for H daya, Wbre fire 
mdiridoab were eipoaed to infcctixe htta (P nr*a) by Jaana (1833), while 
taking O-S gramme of atebnn duly for 6 day* the pnmary attack waa delired 
for from 99 daya to 230 or toore ^yt. 

FulD (1939) renewed the cxpenmcnul findingt of different workera in 
regard to the raioe of atebrm as a proph^aciic in doaea of 0 2 to Q-S gramm e 
daily when given to general picmlyiica di^ng the irtcubauon penod of osthrii. 
He concluded that id P ftdnptrwm infection chnto) lUaetj of matana were 
completely prevented in a high proportion of isd ndmb while tbe oott of 
tbe iflfecQcm waa delayed aereral oiontha m a amaJl aenea of caaea of P errar 
At what fUge the paraaite waa attacked whether tt the aponsente atage, arly 
m tbe iiicubaticm p^od or dunog achlxogony in the hter atagea of tbe locobataoti 
penod waa oot deffrutdy known, but ea amill doaea continued wdl Into the 
incubation penod were more effectire than Urge doaea given only at tbe time 
of eipoaurc, the prophylactic action of atebnn waa to be regarded si probaHy 
t^oxociUadal, ^ tbe medtco-curatiiT prophylacia of 3nCEXT not ln»c cauraJ 
prophyla xia. 

Fold (1939) tlao renewed the reauha of mreatigationa on natnea working 
on plantatrona in malanouj areaa in Malaya while recei ing IJ4C gramcoe of 
atebnn duly or 04 gomtne wrekly adminittcred n two doaea n each of 
2 aucceanve daya. The coadoaioria reached w*re thit (I) atebnn la donee 
of 0-2 gramme twice a week wti apprecubh more cffcctl t than the daily dc«t 
of 0 4 gramme (6 grama) f quinine for auppreaaing cTmcaJ matana 
infection waa not prcrenced, even after 1 year adnuturtrition. aince aymptoma 
nrturT>ed after dnig ad mimatration ceawd. 

Deapite tbe aupenonty of atebnn n tuppre»*mg malani, PinX) fijuDr 
concluded that regular daly prophylaictic qui me waa preferable to rwkt 
weekly atebnn owing to the ydl^ ataunng of the akin occaatooal roenol 
diaturbance* and paanWe damage to tbe Gier winch atebnn wia thought l 
induce The freedom from barroful by-effccta with qinmne weighed beaiUy 
n U favour Thua at the outbreak of war n 1939 the ►tatia of atebrin w 
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a suppressive prophylactic drug avas uncertain Even after the fall of Jaa^a 
authoritative opinion in U S A and the United Kingdom was divided in regard 
to (1) the appropriate dosage of atebnn in non-immunes, (2) its real effective- 
ness in suppressing malaria under conditions of jungle w'arfare, (3) the possible 
toxic effects of prolonged administration In 1942, as a result of field experience 
in Africa, HtLL (1942) reached the conclusion that 0 4 gramme of atebnn a 
week was too small a dose for military purposes and advnsed one tablet (0 1 
gramme) daily for troops on active service in areas of P falciparum Experience 
indicated that on tins atebnn regime recrudescences would be virtually abolished 
evxn under strenuous conditions and the malaria problem greatly reduced 

In New Guinea questions were continually being raised by field com- 
manders and staff ofiieers of the Australian Military Forces regarding the 
eflicacj of anti-malaria measures advocated by the Medical Directorate, and 
whether such prophylactic drugs as quinine (10 grains daily) or atebnn (0 1 
gramme on 6 days a week) could control the repeated and heavy malaria infec- 
tions contracted in jungle warfare The opinion of regimental medical officers 
was divided on the question, but at this time the majonty regarded 
chemotherapeutic control as ineffective One of the major tasks of the L H Q 
Medical Research Unit established at Cairns was to clarify this difficult situation 
and dccisivch answer the question one waj or another 

In a previous communication to these Transactions dealing with chemo- 
therapcutie suppression and prophjlaxis of malaria, the results of experiments 
on volunteers infected with New Guinea strains of malaria were recorded bv 
FAtRin and his colleagues (1945) and the militarj implications of these 
experimental findings were discussed As the present communication is an 
extension of that work the original conclusions arc summarised below 

(1) MiUTAUV IxirUCATIOXS OF TiiF CVIRNS ExPFRtMENTS 

1 he original experiments bv L H Q Medical Research Unit, Cairns, 
demonstrated that atebnn m a dosage of 0 1 gramme dailv suppressed malignant 
tertian fever and prcvxntcd asexual parasites from attaining microscopic 
densities m the blood Furthermore, if the dailv dose of atebnn (0 1 gramme) 
was eontinued for davs after the last exposure to infection, cure invanablv 
resulted Subinoculation expenments proved the action to be on the asexual 
blood parisites which appeared in the blood in submicroscopic densities on the 
/th dav in / Jnlnparum Providcel the blooel concentration of atebnn was 
adequate the blood was complctclv eleared of parasites in I or 4 dav s subsequent 
subuiocul itions proved negative and radical cure was effected with all the Xcw 
Giiinci striins of P falaparum tested 

Uiiiier siiiiil ir eircumsiancts atebnn merelv suppres^ed benign tertian 
inahn i Subinociihiion showed that asexual parasites of P vttax first appeared 
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m the blood on the 9th dxy m «ubmjcn»ctjp« dcnwty and that the ^Vr-i wa« 
rcaiEly cJeircd of pemites pnmdcd atebrm ft** present In ippropnite concto- 

trations Dapite this retult end in coQtridrttinctJoo to the findings In roaBjnant 

tmun imlani, itebnn ■dmimstritKm fenersJly did not result in radical cure 
for OTcrt Tivex m a bn a dereloped irith great rtfuUnty a few w«ks after wp- 
presanx atcbnn adminiitranon ce as ed . Thit was attributed to the peisisteace 
of hjpothetical exocrythrocytic (e.e.) forms m Ttrax malana and timr 
abseiKe In faJapanun malaria. 

In multiple Intense infections with P ftktpmm and P crrax sapprewra 
was equally cffectiTe under a timllar atebrin regimen. It was invanably orert 
B T and nerer M T mtkni which dcrtbped when atebrin au p pres ai re 
treatment ceaaed . 

\tnoua factori tuch as hard phystcal wort, prolonged nwrching up and 
down hiOi, expoaurt to extreme cold, anoxtai, blood Icms and injectuna of 
adrenalin and irtrulm failed to produce malaita breabdowns in hearllj 
Infected Tohmteera. 

In June, 1W4 at the Mihtary Confermce on the Prc\cnlioti of DisetM 
in Tropical Warfare held at Atherton Northern Queensland, under the 
cfaairmamhip of Lieut General \ A.R G 0 C 1st Auatralian Army 

It wa officially accepted that tmh hfalLble atebnn dndphne (1) U would 
be possible to fight a non Immune force for many raoDths in faypereadamc 
treat of malira without tigmfieani mabna casuaJuea (2) there ahnld be 
no deaths from tnakna, no blackwwter fewer and no mabra camera within the 
force (3) after cemtion of atebnn rupprexarre treatment, the residua] problem 
would esdunrety that of B T mab^ From that titne atebnn was taken 
under atneter supe i ri n on and its adaumtlraOOQ became a duapfinaiy matter 

Subsequent field eipeneoce »n New Guinea throughout l&M conErtned 
these conclusions, the b^ital admissHm rale falling from 740 per 1,000 per 
annum m December 1943 to 26 per I 000 per annum in Noranber IW4 
as reported in these T*Atr&Acnoxi (1945) Since that date aubsequcni 
experience during jungle figfatmg brgely fulfilled these expectabora. A perusal 
of Chart 1 abows that the madcncc of mabna m aD Australian troops locsied 
in malanous areas in the South-West Pacific, north of Austrafii, was 39 
per 1 000 per annum ra 'March. 1945 Thereafter there waa a rapid n»e to 
195 per 1 4X0 per annum in June, followed by a fall to 60 per 1 000 per annum 
m July and 29 per 14XX) per annum In September The rito for 
the «mjiMng months were S4 35 and 32 per I OCO per annum. The nie b 
mabna casualty rites orer the Apnt-July penod waa entirely due to a aererc 
outbreak of mabna in troops fitting at Aitmpe and Wewak in New Guinea. 
With this single excepdoo the resulta of the Cmma cap cr i mcnla were confirmed 
on a last scale under field conditsont n hyper-endcmic areaa of malaria in 
the South-West Pacific ihrougbout 1945 
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Chart 1 

INCIDBNCB OF MalARIA IN AUSTRALIAN TroOPS IN MALARIOUS AbEAS NORTH OF AUSTRALIA 

Rate/1, 000/Year 



December 1943 to August 1945 

The nse in malaria mcidence from April to July, 1945, was entirely due to a severe out- 
break of malana affecting troops fighting at Aitaipe and Wewak on the Northern Coast of 

New Guinea 


(2) IMalaria Incidence in the Solomons, New Britain and Borneo 

(1944-1945) 

The malana mcidence m operational areas other than New Guinea (1944- 
1945) was insignificant (Chart 2) Out of a total force of approximately 
130,000 troops exposed for a penod varying from approximately 6 tQ 12 months, 
there were 1,256 attacks of malaria Of these 476 were caused by P jahnparim, 
658 by P vivax and one by P malanae In 115 cases, parasites were not found 
microscopically, the diagnosis bemg made on clinical grounds The malaria 
mcidence averaged 0 97 per cent (Table I p 235) In these areas there was one 
death from malana and none from blackwater fever 

(3) Malaria Incidence in NeW Guinea 
In New Guinea itself, other than m the Aitaipe-Wewak area, there were 
approximately 15,000 troops , a very low malana incidence was recorded, 
the monthly rates m 1945 varying from sixteen to fifty-two per 1,000 per 
annum, being highest in February and lowest m November, In this force 
deaths from malana and blackwater fever were nil The other troops m New 
Guinea numbered 23,000 and were located m the Aitaipe- Wewak area 

In the course of this campaign along the northern coast-hne of New 
Guinea extending from Aitaipe to Wewak, the 6th Australian Division suffered 
a severe outbreak of malaria — chiefly malignant tertian (Chart 2) To a lesser 
degree, three Base Sub-area troops were also involved Infections were wide- 
spread with the heaviest mcidence m the 16th, 17th and 19th Brigades The 
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T\ole I 

MAlJinlA INCIDL-NCE IN OPEBATION AREAS OTIIFR TRAN VE\\ GUINEA 
(1944-1046) 


l-ouation 

PenoU 

of 

obsenation 

Total 
force 
at risk 

Total 

malana 

attacks 

Percent- 

age 

mfeeltd 

Solomons 

117 10 44-6 11146 
(11 months S da} a) 

JO 000 

01.0 J 2 

New Hrium 

27 10 44-0 10 46 
(1 1 months 8 dass) 

15 OtiO 

-'77 I S 

Morotai, Borneo 

I3 4 45-G 10 45 
{5 months ZX da\s) 

85 00(1 

in 

0 17 

total 


1 io 000 

1 J6(! 

0 1)7 


highest rate (113 2 per 1,000 per week) de\ eloped in the 16th Bngade in May, 
1945 By September, 1 month after the end of the war, rates had fallen to 
a relatively low level Only four deaths from malam were recorded during this 
campaign and none from blackwater fever 


(4) The Malaria Outbreak in the Aitaipe-Wfwak Art^v 
(a) malaria incidence 

It wall be seen from Table II that of a total force of 17,500 men of the 
6th Division, engaged in jungle fighting for a period of over 11 months in 
the Aitaipe-Wewak area, 4,838 individuals suffered from one or more attacks 
of malaria 

Some 27 6 per cent of the total force developed overt malaria attacks 
during this period Judging by past experience it may be assumed that at 
least 90 per cent of such a force would have acquired M T or B T malaria 
or both at some time during this period If so, then atebnn suppression w'as 
effective in suppressing major clinical symptoms m 62 4 per cent over a 
period of exposure exceeding 11 months 

In three Base Sub -area troops, conditions were more static Some 539 
troops out of 5,500 developed overt attacks, r e , 9 8 per cent 


(b) type of malaria 

Detolls in regard 'to the type of malana found are given in Table III 
malignant tertian infections were most common , parasites 
of P falaparum were demonstrated in 78 2 per cent of the total cases (single 
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(c) anrtrtPLX attaocl 
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wia not high. In troopi of the 6th Auatralaa Dirmon tbe a Te ng c itadi 
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per patient w'as 1 3, and m Base Sub-area troops 1 15 per patient over a penod 
exceeding 11 months (Table II) men it is remembered that this group 
included recrudescences and relapses as well as new infections the rate was 
unexpectedly low and quite at vanance w'lth the prevalent medical opinion 
m the Aitaipe-Wewak area where recrudescences and relapses follownng treat- 
ment w'ere generally regarded as \cr}' much more frequent This point has 
considerable significance when the preialence of atebnn-susceptible and 
relativelv resistant strains comes up for consideration 


(d) possibility of an “ X ” FACTOR 

Because the consistent experimental results obtained by L H Q Medical 
Research Unit at Caims and the amazingly low rates in Australian troops 
operatmg in all other hyperendemic and highly malarious areas had shown 
the remarkable efficacy of a daily dose of 0 1 gramme of atebrin in suppressing 
bemgn tertian malaria and in suppressing and cunng malignant tertian malaria, 
It was generally considered that the atebnn discipline in this Division must 
have fallen below the standard required by General Routine Orders 

On the other hand, doubts regarding the invariable efficacy of atebnn 
in a dosage of one tablet (0 1 gramme) daily arose m the 6th Australian Division 
Itself, smee certam combatant and medical personnel were convinced that 
malaria casualties were occumng despite the conviction that atebnn was being 
taken each day with unvarying regularity 

It was suggested that some “ X ” factor was responsible for the epidemic 
In June, 1945, the Director of Medicine xvas instructed by the C -in-C , General 
Sir Thomas Blamey, to proceed to Wewak and mvestigate the problem A 
field section of the L H Q Medical Research Umt was immediately formed 
and based at Wewak , it included Major I C MacDonald as O C , Major 
J I Tonge as Pathologist, and the appropriate techmeal staff Co-ordinated 
investigations were commenced at Wewak by the Field Section and at Caims 
by the L H Q Medical Research Unit without delay Hundreds of specimens 
of blood plasma for atebrin estimations were flown to L H Q Medical Research 
Unit, Caims Forty carefully selected patients suffering from malaria con- 
tracted in the Wewak area were sent to Caims by ambulance-plane for purposes 
of special investigation, and in order to infect anopheline mosquitoes and to 
study local strams for possible atebnn resistance or decreased susceptibility 

Three major factors had to be considered 

1 Was atebnn being supplied m the correct dosage and being taken 
daily with unvarying regulanty as laid down in General Routine Orders ? 

2 Was atebrm being absorbed normally and was an adequate blood 
concentration being built up m troops taking atebnn in the Wewak area ? 

3 Did atebnn-reSistant strains of P falciparum or strains showing 



2Zi ATLSBIX IICIPTIBIUTT OT r F^LCCTiMlV AXD ^ m fT 

dccrci*ed Rrtceptfbnity to itcbiin out m the Aiu^pe-^\ cwik ira, ind i/ » 
to »bit extent were they mpotuiblc for the eptdemle ? 

Thc« combined inrettljittioni at Wewik and on the munhnd riwwtj 
that — 

1 The atebnn tableti being iMucd at Aitaipe and Wenik contained tan 
IcM than an average of Chi gramme of the drug, that the tablets damlrcd 
uuafactodly and that the abaorpilon and concentration of the drug la the 
blood of aoidjen at Wewak taking (hi gramme of atebrin duly waa normil, 
i e that It was similar to that occurring in rolanteers at Caima 

i The cormjrrrpuon of atebnn by certain indindual aoldim aent from 
Wewak to Ciaima was not aHiaya up to ataodard for in two patients, who had 
suffered from repealed attacks of fflidarB^ plasma itebnn cstunationj pvfWtfti 
they were somehow purpoacly avoadoig taking atebnn. WTiea it was suggested 
that they would be held todefin tely in the North if malaria attacks cootmued, 
a dranutK me m atebnn levrls resulted, the conccnttatioa bang lubscquettdy 
ma in tamed. 

In Wewak, on the other hand, the atehnn-pbama lereli in a large senes 
of soldrera taking Ol gramine daily were fouitd to be nmHar to those obserred 
in vohiateen at Caims (214 auero f r am a per here). The plaama atebnn lerch 
found in the dth Auitialkn Divlalon during thn ble period of obaenatiecii, 
tj July-September mdkited that atebnn coesumptKm at that time wu u 
genefal, ad^uste to confer protean against aH strains of P falapmtm 
prenotoly worked with at ^hna. 

3 lo tw en t y apparently heahby a>en in the Honk area, mahna parasites 
were detoanatrated in the blood while they were taking the prescribed amoont 
of Itebnn (0 1 gramme daily) and showing a mean atebnn concentration of 
21 1 na n og i 'ams pet litre. 3uch a result had never b e en obserred eren in 
hyper infected TOlnnleera at Catms and similar maiana surreya showed t vi 
not happening to troops operating m other hyperendcmic areas. 

It retoained to consider whether ■tebnn'rcsiatant strains or scrams of 
P falapanan with decreased ausceptibtJitics to atebnn erlsted m the Altaipe 
Wewik area. The subsequent comoumication deals snth this aspect of the 
utresdgation. 

(5) A rpiarv SracEPTmuTT o» AiTAJrt Wewat S-nuro or 
P /aJaftmt 

The strains of P faietpanm preroualy used m the expenmenu st Ctjm* 
srere obtained from soldicra eracuated from New Guinea. Thesp soldiers 
had served in Buni-Gona Huoa Peninsula, Wau or Milne Bay campaigTi* m 

Mill pbunwceutical tor e a ti t Alk aw of th subnn tafctWi *" 

Aitaip* -acKi Wewak »et» and*ft«k«i by Dr Anwnsi Aumrr UniTtr«T of Sydnrr 
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New Guinea , all these areas were hyperendemic and situated south to south- 
east of the Aitaipe-Wewak area 

The main investigation was to determine if there existed a stram (or strains) 
of P falaparum with a relative msusceptibility or insensitivity to atebnn in 
volunteers or soldiers taking the normal suppressive dosage of this drug 

Expenmental infections specifically designed to investigate strain 
differences were exclusively mosqmto-transmitted 

(a) material investigated 

Soldiers from the Aitaipe-Wewak area were specially selected for investi- 
gation before being sent to Cairns either by the Director of Medicine or by 
Medical Officers m the Aitaipe-Wewak-Lae area acting on his instructions 
The basis of selection was — 

(1) The presence of heavy blood infection or hypennfection 

(2) Some anomaly m the history or clmical picture of the patient 

(3) Frequent attacks of falciparum malana, reasonably suspected of being 
recrudescences 

Selected patients subsequently were sent to Cairns by air ambulance, 
having minimal quinme therapy in transit In this connection it should be 
emphasized that typical cases, which compnsed the majonty of hospital admis- 
sions for malana m the Aitaipe-Wewak area, were not specifically included in 
this particular mvesbgation, ‘as it was assumed their stram of parasite would 
be of the usual atebnn-susceptible type The Aitaipe-Wewak strains therefore 
came from a highly selected group of individuals 

In the early stages of the mvestigation mosquitoes were infected with 
P falaparum obtamed from each soldier admitted with overt malana Subse- 
quently It proved more economical to feed mosquitoes only on those soldiers 
who had gametocytes in their peripheral blood rather than specifically to 
produce gametocyte earners 

Table IV (p 240) sets out the essential features of the histones of the soldiers 
who provided the falciparum gametocytes which were used to infect mosquitoes 
(Details m Appendix A ) 

It will be seen that six of the mne soldiers selected had more than one 
attack of malana Furthermore, m these six soldiers there were twenty-two 
attacks of malana over an aggregate penod of 60 weeks — an average of slightly 
less than 3 weeks between attacks As standard therapy* (Q A P M) was 
stated to have been given for each attack it is not unreasonable to assume that 

* Standard therapy (Q A.P M) at Aitmpe-Wewak at this tune consisted of quinine 
sulphate as a mixtoe (30 grains daily) for 3 days, followed by atebnn dihydrochlonde 

gramme daily for 2 days, atebnn dihydrochlonde 0 3 gramme daily for 3 days, atebnn 
dihydrochlonde 0 2 gramme and plasmoqume base 20 mg daily for 3 days This was 
followed by either a rnaintenance dose of atebnn of 0 1 or 0 2 gramme daily for 42 days 
it the indiiTdual was leaving malanous areas or, if remainmg, by the usual suppressive 
regimen of 0 1 gramme dailv indefinitely 
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the nojonty of tlie*a •tttdu were reandescencet, la cootmt to tto, lie 
rrenge nomber of malem attack* per patient In the AiUipe-Weirak ara n 
1 IS to 1 3 over a period oceediaf 11 month*. Tbia fifore litfladcd tdipaei, 
recTDdoceaces and freah Infectioo*. 

In the fcKordi of one aoldier No 7 who wa* admitted with hypennfectjoo, 
20 per cent of the red bbod edh were partaitiied chmcaDf ha cooditioo 
waa one of earlj cerebral malani 

Sokheri No*. 620 atwl 2 were adccled for CaJma becatuc it wai l^J w rr nl 
that m them P /dlafntnm appeared to be relatmly in*u*cepablo to atebnn 

Tmu IV 
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— auppretatre atebnn faflmg to protect and atatwlard QjU* treatment filllftf 
to cure them They were *ctectcd as being moat ruiable foe the taobtion of 
a « train OF straina which might prore leboixly inanaceptible to chemothertpetmc 
agent*. In additiofi to the*e aoldter* many othen were atodied with rtjarJ 
to reapoftac to therapy with paludnne and to ruppreawvt atebnn. Som e wot 
larettigated for atebnn utilmition a progreauTc decline m etcbnn-plawiw 
concentrwtfcm* combtoed with other endcoce indicated that to two pawrrU 
atebnn intake wai being purpoaely avoided. The fir*t eridence obtained at 
Ctims of a rdatirdy atdjnn-imwcepdble atrain to encointertd m erne d 

ibeaemen. Thb Imbridufll (No 2Ciii) had had fourattacka 0 9 weekaand t^ 

qoetticm naturally aroM whether a reblnrly alebrm-in*UM»ptiblc nnin couW 
be developing in him a* a renilt of prolonged tuboprimaj dotage. 
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(n) I‘'0! \TJON 01 STnMN" 

Good gnnictoatc wnvc: dtrvcIopLd m Mikhcr- No-- 7. S. 22 nnd ■!'' 
nnd mo''q\n'toc'. fed on them bcomc inftxttd 

0\nng to other jn\cstipition- which were htinp earned out at the time, 
^oldicn \oi 620, 2 -1 and 6 were <uhinoctihtcd rather than allowed to dc\clop 
their owTi panictoc\tc w'a^c^ I he rc^.^plcnt^ of their blood dc\ eloped tropho- 
7 oitc wa\c 5 and were partial!} treated, Mdi'^cqucnth pamctoctac wa\r‘' 
dc\ eloped and ino'^quitne-i fccdinp on thc'-e recipients breamt infected 

Little difiiculiN waa e\pcncnccd in inhartinp mosqmtoei from these soldier 
— pamctociac production did not .ipprir to dilTcr from that ohscracd fitmil- 
tancoush in colimtcer- infected with “old’ New Giiinei strains or with 
strains from New Ilritain 

(C) ItXt’rRIMt^VTs PJItlOItMU) 

The first evpenments were performed with 'ingle strains of P fiilcipanim 
but subsequentU mixed strains were used to male the conditions of the experi- 
ments more stnnpcnt Tables recording data concerning the infected batches 
of mosquitoes and the number of infcctnc bites arc recorded in \ppcndix B 

In all experiments, I to \ I, the chemothcripcutic agent was administered 
as a daih dose at 10 00 hours (10 am) Before exposure to infection a 
“ bmld-up ’’ was gi\cn which xaned with the drug being used, and, with the 
exception of atebnn, was the standard “ build-up “ alwaxs adopted at Caims 
The “ build-up ” for atebnn xxas either 200 mg dail} for 7 dax s (100 mg dailx 
maintenance dose) or -100 mg dailx for 7 dax s (200 mg dailj maintenance dose) 
The dailx administration of drugs xxas continued oxer the biting penod and 
for 2S da}s after the last infcctnc bite proxidcd the xoluntcer did not dexclop 
oxert malana rcquinng thcrapj 1 aides recording the plnsma-atcbnn x allies 
in xoliintccrs used in T xpenments I to VI xxill he founii in Vppendix C 

(d) nnsuLTs ot i^tPiaiixiusTs (1 to ^ I) 

For conxcmcncc in describing the chcmothcrajicutic ctlccts of drugs m 
xoluntcers exposed to malana, the degree of protcclion afforded the xoluntcer 
IS classified as folloxvs — 

Class I efftet = complete protection T his is either complete causal prophxlnxis or 
complete suppression and radical cure 

Class JJ rff ret complete suppression but not radical cure, oserl mnlam dcvtloping 
after cessation of suppresswe rcRimcn 

effect partial suppression, « e , parasites appear m small numbers m thick 
films, but ov ert malaria docs not dee clop until after the cessation of the supprcMis c regimen 

Class n tffcct ~ failed suppression, t e , dcitlopmcnl of men malana wilbin 2-Sda>s 
of exposure to infection and while iTkin^t supprcssw'e druR 

experiment I (■^stnipe-Weziak strains') 

Pairs of volunteers, one basing atebnn 100 mg dnil> and the other having no drug 
therapy, -were bitten b> mosquitoes at a single session on dn> 0 The batches of mosquitoes 
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wrT» ki/ected with tpoiriacm ekrKtd ftan co> n rortocyt* cmnw Oeh {mr 
w«« bimn hf raij«q^iue* Infactad vtah om tst the okM i tiijii b«kt( 
p«ln wen ined b ilL 

lafirrifa; — Sx^k Knm of P fak ipmi m ten ktfrctm bhn on Axj 0. (Dttd 
b Appendix B-) 
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daf aflcf axpoaure unlrw thmnpj waa nquu t d for an crrrrt cttKb 

Taju \ 

«.Tntn«T« Aus or (»-l omkmx i>ult) rr wm rcuimiM uai rsntno 

WITH vupoaurn duutdi thm kwi i mi n aw r <■«»*«*»■ ruaxomxo a** amirt 
WYWAX nun or P 



Vahneor 
brrkit no drag. 

V kAtnr IwToig ntbiWA 

. 


No. 

Fnrt 

darop- 

raxU* 

para- 

iitn. 

Chart 

Fnt 

tfampT 

HU*. 

pfaMM- 

•wtirto 

tml 

Fim 

mb)* 

par*. 

Orm 

Fir** 

dwnpr 



Dtgrn 

tl 

pnonabo 

(OwiMVa 


Ikyi 

■nnnpMn. 


!D«T* 

MW* opewirt 


t 

* 

r-^ 

11 

1 

I 

14 

IT 

tv 


Ifl 

u 

l« 

I« 

It 

) 

#» 

n 

< 

1 


'■ 

t 

1 

13 

II 

IV Sft* fig. 
■ntriP dwls 
from itf 
IMT. C3m 

n «£ret. 

A» 

t 

11 

IS 

33 

IS 


M 

tlL 300 ■« 

day H-H 
OrnttOfct. 

3 

' 

13 

IS 

n 

rj 


31 

m OAJ vt 

loQnrd by 
radical ran. 

11 

!• 

1 

M 


— 

— 

4S 

11 

3ft 

It 

11 

!• 

44 

— 

— 




f 

13 

I« 

St 

— 

— 

— 


■ 

a 

10 

1 

n 

~ 

“ 




Atrim ICWmf 4wi> rwWrwrt » th* »•* Aay ahn npower 


C&HDMd 

^ oluntem eipored to rtnm# ^o*. 4 8 and 6 tJl dendoped dn^triWe 
poranta ind orert miliru wiul*t ubng ICO mg awbrai dnty [Oau IV 

The Toluntetr opored to itraia 2 dnreJoped dniiooitrable piT3«ito » 






JW mg j . ®^Ppress,on anH fo 20n ° dav.^^ 

,7 "-s 7-- 

^rz ' 

'“PPressed *'"“». Nos 7 after o'"' ''°'“Pteers 

It°?: PP"e.n”77 '“'»<' .0 7 '-'iaved „ '"® 

-io S ”'“'"me7,f *« af:777 Aav.„77=«y. "• tvere r „ 
'PPPS of 77« '‘''P fts7' °f tl,7 “« 'o Wecdo""® *''7 tvil 

“ «"ate&' 'W?)' 


"■‘a tvere i “'"meot ,7 after " '“av.ng ,o„“™f. ' e , ,vere r , 

o7' t7 d':77«a™' '"'Sr? '” 
'"’•«Psa„„; '■"■'-•pp •■ Z7ZZ'^ r^"»''’atl6t"'' 

'"'{fv” »fS" '«S,7;r"“'»p.-pp 

saving. 100°^^^'’ JOO ®*Posew ^^’’O’ns) 

, / ‘•fter bew « ' 

;^POS^i Of 

- sod 

*.iy, b„/o:7;7a<i, 

O'Q Pot 










TTwu crm WT or r ru.J <ti \j 


nr^T 


(S 


Esptnmrml trmK$) 

An crpmarat wnlkr to Expcnmcot II «u uotkrtiktn «xi:rp( tfiu th* rrw 
co rdtitj ot ow ToJuniw h«TiTn 100 mg ot Krbrln dsily tbrt* Toh inam h«\ iiif 100 ^ 
of *trt>fin dijly and thiw oluntten banag 100 mg 50 mg or S3 pofa^nac dair 
Stmilai (ntiiLMia Eoftotm m girai at foe Expenraont II 

InfeOtoci.— Mnlopte unktt of P /oUifmw for^ i» bfeem Um 
i n ^ nc i oTCT IS dayt. (Detail in Appeal B ) 

Atebriiu— The “ budd-tm foe the 100 mg. daiW refimfn w*» 200 (x 

7 da^ «>d for lb« 200 mg. dzilf r eg r utn 400 dauj for 7 dan tb« daxlr doat %m 
«aittmttd cn cr the toTing period ft>r M dart afte r the Uat in/tetfre Wlet. (Tctal M 
42 da^a.) 

— ^Tbe drily doMge of 100 tng.. SO ing or 25 mg. a m i mmced th* day 
betea fim npoaura and cootmuad over ibe b luu g p«nod «ri for 2S d«y» after ite bar 
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Comment 

(«) The TOluntecf receiving 100 rag of itrbn daily dn eloped demorwtnbfo 
parantca and err at fitapamm malana requtrmg therapr (Cla« I\ effed) 
SabinoculatKm oo the Sth day had been poartivt- 

(*) In the three Tohintecrt recemng 200 mg dady major ayroptom* were 
nro hAi (k™mmblc pjnuiia -Me heruif iteb™ t»d >n 
three developetl orert feldpunin mibn. efter ce».hj .tebriii- (Cte. H" 
and 11 effect.) 
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(c) Volunteers receiving 25, 50, or 100 mg of paludnne daily were com- 
pletely protected — 25 mg or more daily acted as a complete causal prophylactic 
(Class I effect) Subinoculation from the volunteer receiving 25 mg daily 
on 7th day after exposure was negative, showing that erythrocytic parasites were 
failing to reach the circulation 

Tadle VII 

VOLUNTEERS BECEIMNC ATERRIN SUPPRESSION AND EXPOSED TO INTENSIIT INFECTION M ITH 
SPOROZOITES OF P Jalctparum isolated from SENTN GAMETOCETE CARRIERS FROM AITAIPE- 
\m\AE VhREE VOLUNTEERS RECEIVING PALUDRINE SUPPRESSION EVERE INCLUDED FOR 

COMPARISON 


Name 

Suppres 

sixe 

drug 

Dose 

m 

mg / 
daj 

Meano 
plasmn- 
atebnn 
lex els 
gamma/ 
litre 

On suppressixe 
drug 

After ceasing 
suppression 

Degree 

of 

protection 
(Class I-IV) 

First 

demon- 

strable 

para- 

sites 

Oxert 

mnlana 

First 

demon- 

strable 

para- 

sites 

Oxert 

malaria 

Dajs since first exposure 


HIT 

Atebnn 

ion 

22 6 

12 

19 

_ 

_ 


noB 

Atebnn 

200 

23 0 

12 





63 


GDI 

Atebnn 

200 

23 7 

36 





47 


wm 

Atebnn 

200 

30 8 

— 

— 

60 



O’D 

' Paludnne 

100 


1 _ 

_ 




CRA 

1 Paludnne 

, 60 

1 




_ 


1 1 h 

1 Paludnne 

1 

1 

26 

1 

i 

1 - 
1 

— 




Experiment IV {Aitaipe-Weieak strains) 

A proiip similar to Experiment III was used except that there verc included four 
insUnd of thr^ \oluntecrs having atebrm 200 mg dailj The infection, hoE\e\er, was 
light and was liniitcd to slx mfccUte bites o\er a penod of 26 davs (Chart 5, p 248 ) 
f op infectne bites reccncd in three sessions of two bites each in a period 

ot -I’ da>s All mosquitoes were dissected after engorging (Detail m Appendix B ) 
Atconn lUU mg or -00 mg dailj continued over the biting penod and for the 
subsequent 28 davs total of 53 dax-s A “bu.ld-up ” of 200 mg dailj for 7 dax-s xxas 
uloptcd for the 100 mg regimen and 400 mg dailx for 7 daj-s for the 200 mg regimen 
111 rine I he dailx dose commenced 1 dax pnor to exposure and continued oxer 
tliL ptnod of exposure and subsequent 28 dax-s (1 otal of 53 dax-s ) 

Commcnl 


{a) 1 he xoluntcLT having 100 mg of atebnn dailj dex eloped demonstrable 
pirasitcs, and overt malaria requinng thcrapv, after ceasing atebnn administra- 
tion (Class III effect ) 
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Expfrimm^ V / (j4iili^^TrAr«A 

A fTwjp erf ifa roiantt*ft «u ezpoMd to herry infeetkn »ith «ais erf 

f j4lcp>*nm{ttnki^o.Vi One roiurawr iw«ned 100 tnc- ttebrin darflr tvo 100 cv 
«*«hki dtay Cint SOQtne m>ph»TkTtwekay fCbtim 
^^Infciafcia. — Sinfk ttulu <jf P ftkifmm tro kifoortUta rnf^ in eu «— t- , 

. bum-np of400n»d*Jlrwi*»TOJorrfd.Tv A 

2J*^ **■•* ™ f®* c ntilin n u t ortr tb* day oi cxpocun and tor ttM m linn a 

a d*y«. 

R rwLk i, — A*'bu{U-UD orf 200 mt daOy hm firm for rf day*. Addydo^ttf 
SO HM «t OTtfr ued OTCt (be day orf axpoaun ■«] fi* tb« mlMaijimil 23 day*. 

Sjilpliadtasicic. — 500 mg daDy ooommdac 4 day* prior to axponre - 
over ibe day of f n N , i^ i a and for tfaa aubaaqocm 23 OMyt, 


Oust 7 (Espemwsu Vt). 

Acnoje or Attw« O’ 1 SoktoocmO'I Rnocui'* CrOS and SuLnuDtAxm 0’S Ou\r*B 
DAaT ox VouEcrmt £xKm> tt> P /aJ/^fMat. 



o ot^a MtiJtf 
T nj ATTiVT c n a«v/A< # 


Cowmfnt 

(«) The ToUmteer recemnj 100 mg of ttebnn dally both Tt 4 ijirtKr 
receavmg re»odun 50 mg daily and the Tohmteer recovmg 500 mg. mlph** 
diazme daily developed no mayor eymptoma of malaria while lecdnng their 
fuppnaatve regimeoa. During a penod of 29 diyt obaemiiciQ after cearing 
to take drug*, none of theae rohinteeti developed either dmtcal or laboratoty 
evidence of nalana. 

A* no voltmteer r e c ei v ing auppreaaire drag* and expoaed to New Cah** 
Drams of P ftiap^rfm haa had a penod of freedom from malaru for loofcr 
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than 19 days unless he was radically cured of his infection, it was considered 
that these volunteers had been radically cured 

{b) One of the two volunteers receinng sontochin 100 mg daily developed 
overt falciparum malana 7 days after ceasing his suppressive regimen 
In both volunteers major symptoms were completely suppressed and one was 
ardically cured of his infection 


Table X. 

VOLUNTEEBS HAVING ATEBWN, SONTOCHIN, RESOCHIN OR SULPHADIAZINE SUPPRESSION 
WERE EXPOSED TO MOSQUITOES INFECTED WITH A STRAIN OF P falctpOrUm ISOLATED FROM 
A CAMETOCYTE CARRIER FROM ATTAIPE-WEWAK. (STRAIN NO 8 ) 


Name 

Suppres- 

sive 

drug 

Dose 

m 

mg / 
day 

On suppressive 
drug 

After c 
suppr 

easing 

ess ton 

Degree 

of 

protection 

Class 

First 

demon- 

strable 

para- 

sites 

Overt 

malana 

First 

demon- 

strable 

para- 

sites 

Overt 

malana 

Days smee first exposure 

TUR 

Atcbruif 

100 

- 





I 

VAN 

Sontochin 

100 


— 

30 

31 

II 

LCN 

Sontochin 

100 

1 — • 

_ 



I 

SAL 

Resochin 

60 






I 

COP 

Rcsochm 

60 

t - 





I 

IttAR 

Sulpha- 

600 


— 



I 


diazinc 








• Group observed for 29 days after ceasing suppressive regimen 
*1 MeanQ plasma-atcbnn levels gamma/btre 22 2 gamma per litre 


(e) discussion 
(i) Strain differences 

Throughout the report “ strain ” refers to P falciparum isolated from single 
gametocvtc earners and docs not necessanly imply immunological differences 
In the first e\penments, when indmdual strains were used to infect 
\ oluntccrs having atebnn 100 mg dailj , two of the nine strains behaved normally 
and were found to be susceptible to this dose of atebnn, infection in the two 
volunteers being fullj suppressed and radicallj cured The two gametocj'te 
earners providing these strains were expenenemg their first attacks of falci- 
parum malana Of the other seven gametocjte earners providing the relatively 
insusceptible or resistant strains, si\ had had multiple attacks of malaria in the 
Aitaipc-Wcwak area 














ATamot ic^cu^ am otf rAiamtc^ vso f nrjt 

It b of mtcren to imogc the rtmoi la order of tbeir ip p ar e nt 
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effect) complete (appreacton without radical cure as the third degree of refatire 
inamceptlbility or reaistaace (CUaa II effect) and finally complete aapprawen 
and radical core indtcatmg nonnal atebrin auxceptibUity (Clm I effect) la 
Table XI the strains are arranged in order of decrtaslng msusceptSHfity to 
atebrin, together with the experunenta] groupa of rohintctfs exposed to tl^ 
and the rcatilti of the experiments summamed. 

It will be seen that the straina can be separated Into two mam groups. 

(a) Rebtrre iim iace p ability or rcsiatance to atebrin as indicated by Chji 
I\ in or n effect in Tolimteera faanng 100 tng of atebnn daily 

(i) ** Nonnal soaceptibtlity to atebnn as indicated by Class I effect 
m ’rolunleoa bsTutg 100 tng atebnn daily 
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It IS apparent that there are two main types of strain — one relatively 
insusceptible to atebnh and the other normally susceptible The number of 
volunteers exposed to each stram or to each group of strains is probably too 
small to assess degrees of vanation due to behaviour of individual volunteers 
Nevertheless, there is some evidence of vanation m the degree of susceptibility 
to atebnn amongst the relatively insusceptible strams This suggests that there 
may have been several strams of P falciparum occuixmg naturally in the 
Aitaipe-Wewak area or that the phenomenon of atebnn msusceptibility was not 
so much an inherent charactenstic of the strams as one which had been, or was, 
in the process of being acquired It should be emphasized that no atebnn-fast 
strains, sinular to the arsenic-fast strains produced by suboptimal dosage of 
vanous arsepicals m trypanosomiasis, have been encountered As already 
noted, possible evidence of loss of atebnn msusceptibihty was obtamed m 
expenments with a stram which has involved four passages through mosquitoes 
Four volunteers were treated with standard Q A P M course of therapy , 
three of these had been exposed to Group A strams (Table X) and were in 
Expenment II — all recrudesced whilst having atebnn maintenance (100 mg 
daily) One volunteer from Expenment I who was infected with Strain 2 m 
Group A (Table X) was treated with this course of Q A P M and was radically 
cured 

For companson a stram of P faktparum isolated from a soldier evacuated 
from New Bntam was transmitted by infected mosqiutoes to a volunteer having 
atebnn 100 mg daily This stram was found to behave exactly as did the 
“ old ” strams of P faktparum used m earlier expenments at Caims, i e , 
complete suppression and radical cure was obtamed m volunteers having 
100 mg atebnn daily provided the dose was continued for 28 days after last 
exposure to mfection (Class I effect.) 

(2) Plasma- Atebnn Concentrations and the Daily Dose of Atebnn 
{100 to 200 mg ) 

All estimations were made on plasma usmg the double extraction method 
of Brodie and Undenfriend As remarked earlier m the report, the “ bmld- 
up used for the early groups of volunteers was unsatisfactory — the meang 
plasma-atebnn levels at the first exposure to mfection were sigmficantly 
below the mean eqmhbnum levels observed later However, this observation 
was relatively unimportant as later groups had adequate plasma-atebnn levels 
but behaved in precisely the same manner with regard to degree of suppression , 
further, the infections m some volunteers receiving atebnn (200 mg daily) 
were inadequately suppressed 

It was found that the higher the mean^ plasma atebnn concentration the 
greater the degree of suppression The table below sets out the time of develop- 
ment of demons^ble parasites and overt malana m relation to mean^ plasma- 
atebnn levels The volunteers included m this table are all those who were 
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ap<»td to mfecOoQ with ttrala* m Group A, Tible \I produonE CU* IV 
rfcct In vdimteen hinog 100 mg of *tebnn duly in £m, iD Tolanttm 
eipoied to mtomve infection plu* the one volunteer opeied to fight mfectm 
in Expenment \ 

It a appxrcnt that the higher the zDcan« plaamt ttebrm levd the top g g the 
period of adequate auppreabon and the more delayed b the oaiet of ortn 
makm There wit one eiceptjoo to thla generalbation, namely m the bit 
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level w« only 23-0 mlcrogrammea per litre, for CU« I effect, ut tupprewMe 
Tam til 
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and radical cure reaulted- He had been eipoaed to Strain 8 (P ftiaf^nm) 
after it bad be en through four pxaaigea m mcsquiioea, and, a* already mdioted, 
a poasible erplanation was that the itraln had reverted to ooe of normal atebno 
•uaceptlblBty 

^th regard to the daily doaage of atebrm thoac volunteeia baring 200 mg 
of atebnn daily were better tuppnmtd than thoae harmg 100 mg daOy 
Parantc* were demonstrated m two of the three during itebnn admin btialieo 
but overt mabna did not occur m any of these vohmleeia until after the coaatwo 
of auppreastve atebrm (Oast UI and II effects). As hid been mentwoed m 
former reports, it n conedered thst, m gtuCTal, there is better seppeewtto 
with 200 mg atebrm daily thin with 100 mg duly even though the meafl. 
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plasma-atebnn level may be higher m a particular volunteer having 100 mg 

daily than in one having 200 mg daily , r n 

It IS clear that 100 or 200 mg of atebnn daily was inadequate for the lull 
suppression and radical cure of all Group A strains of P falciparum with the 
exception of one volunteer (Experiment VI) infected with Strain 8 after four 
passages It is of interest to note (Table IV) that Strain 620 was only partially 
suppressed by 100 mg daily (Class III effect), but when the dose %vas increased 
to 200 mg daily for 28 days there was full suppression and radical cure (Class I 
effect ) 

(3) Intensity of Infection 

Experiment IV was used to determine if differences could be observed 
in the degree of protection afforded to volunteers by 100 or 200 mg of atebnn 
daily, when the dose of sporozoites was dimimshed 

Table XIII bnefly sets out the differences observed between the volunteers 
exposed to mtensive and to hght infection 

Table XIII 

DEGREES OF SUPPRESSION OBSERVED IN VOLUNTEERS HAVING 100 OR 200 MO OF ATEBRIN 
DAILY AND EXPOSED TO EITHER INTENSIVE OR LIGHT INPECnON 


Atebnn 
mg /day 

Number of infective bites 

Group 

number 

Number 
of volun- 
teers 
exposed 

Degree of 
protection 

Oil 


IV 

III 

II 

B 

100 

42 in 8 sessions over 16 days 

II III 

6 

4 

1 

0 

0 

100 

10 m 1 session on 1 day 

VII 

1 

0 

0 

0 

1* 

100 

6 in 1 session on 1 day 

V 

1 

1 

0 

0 

0 

100 

6 in 3 sessions over 26 days 

IV 



1 

0 

0 

200 

42 in 8 sessions over 16 days 

III 



2 

1 

0 

200 

6 in 3 sessions over 26 days 

IV 



0 

0 

B 


* This volunteer was exposed to Strain 8, which had four passages before being used to 
infect him Class I effect was possibly due to loss of atebnn insusceptibnity 


In Table XIII it appears that, m volunteers receiving a given daily dose 
of atebnn, dimimshing the intensity of the infection results in more satisfactory 
suppression of malana and a greater likelihood of producing radical cure 
However, reference to Table X shows that the volunteers in Expenment IV 
were not exposed to aU the strains most likely to be least susceptible to atebnn 
this factor appears to be more important than the lightness of the infection 
The number of volunteers was small but those exposed to light infection 
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Tuu XIV 


iMsx* rua>Ur-ifDa» unu w «T)ceKTm uivMu to lkvt «■ witmti 
otrKTtuK vrm mouhu trusd ca P /akt^^wm. 



(4) SuseeptHibtr lo 0t*mol)maptmlu AlBih odktr IAm AuirtM, 

AH rolanleen hmng pahidrlne, vbether m do«age of 25 50 or lOO mg 
dai{]’ were fiilij protected tgamst fafaparum maJvu— (be actnn of pikidnae 
being that of a complete cauaal propbybctic. (Claas I e ff ect.) 

Qomine aulphtte (grams x) adaumaimd to one rolanteex faikd lo prtrtol 
the a p p e ar ance of P fglaptntm parasite* and the dereJoproent of overt nalina. 
A snnilar failore of quuune (grdns x) to suppress P falaftmm infectK*» has 
been noted wrth all other strains tested. (Cia« IV effect) 

Stiteeo Tohmteera receiTing sontochin 100 mg daily had been aposed to 
P /aJaptmm (mtenstre mfcctfoo) in earlier expen men ts uamg atebnn-siacepiiWc 
strain* and all had been completely s uppress ed and radically cured. (Qa** I 
effect) The £i3ure to proditce radical cure m two of foor Tolunteen \»ed ift 
the present expenment may be taken as preromptiTe mdence of draiinisbcd 
XQscepdbifity of the Artxipe-Wewak stmoa to sontochm. 

Eight men talnng resochin, (chloroqtan) 100 mg duly bad prerioosly be® 
exposed to intentiro P faiaptrn infectton using itcbnrv-iuaceptiblc straim 
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Cbmcmi )a±tory 

8m. Oiamcr in amDery battery 

SfTvic* m Aitaip€ TTeomk «r« Sereo montla (2nd Janotiy 1W5 to 25t]i 
Aopwt, 1045). 

SUUd Svpprttaoii, Atebrm 100 ni^ dady 

Prmow »a/a7i« ttUtcJa (1) Pntiomj campagms right itticfa (2 ^LT 
and d B T (between Febnmy 1043 and April. 1044X P) Prttni C€mfmfn, 
two itttcki (0 P crrrx t4ih Jooe 1045 (U) P ttpcx g:>Tut Augurt, 1W5 

(preunt attack). 

Pn$tMt attack. Stated to be hanng 200 mg of at ebrm dady tl nrf Im 
attack, 14tb June, 1945 The fiiit aymptoim occurred on 22nd August, 1015 
and be dereloped a modente attack id malaria. Faranta (P tvrajt) were 
demonstrated in tut blood Sima oa 23rd August, 1045 the plasma-stebnn was 
19 tmcrogiamt per btre. Thb lerel was imdoabtedly doe to recent dosage wah 
atebiin. At Caima, when be amred n was noted that there was only a tract ef 
atebnn ttammg of hit akbi the aptcen ina enlarged two to three fingirr breadths 
briow the left coatal margin and the haemoglobin value was IS*! gnanBes 
per 100 cx. A good proetocyte wave aubaeqncntly developed and sene 
mosquJtoea were fed, but diffiadry was encountered bcaose of the patgitf’s 
lack of cooperxtiaa and onviUingnesa to delay therapy for bu artsdu A fuB 
cotme of paJudnne treatment waa given. 

A.'ULTxa OF KBTLn CT TUI ExmDoxr 
1 Dcrtag ptnoJ cf Auhm adaosorfratrea. 

Ncaie of the sue volunreen developed uther cLmctl coalaru of demon- 
strable parasites during the penod of atrimn ■d.mirusrranoo. No drSereoccs 
were observed betweoi the four rolantem reeanrig 700 mg stebnn weekly 
and those rece i v in g 400 mg atebrln weekly MlnoT clim^ features were 
consptowus by their absence. (Detailed laboratory examinations were b« 
carried out oo these volnntrerm.) 

Mean, plaxma atebnn cooccntratioas were estimated and found to be — * 

(i) 700 mg atebnn group 17-0 u» 22-9 pg, per btre and a group mem 
of 20-9 sig. per Utre. 

(ij) 400 mg atebnn group 14-0 per litre 

2 ^AfUr Autm oJmaastrmtiom 

fAD m Tolonteesa dci ri oped overt malana and danenstrabie pansiits 
P cvTWJ) after ceasing to take atebruu The Snt parasites were demonstrated 
in the volunteers who rccerred 700 tng. of atebrm weekly betwee n 25 and © 
days after the last dose, while oven malana appeared 23 to 35 days after the 
lut The two volnotecrs who had re cei ved 400 mg weekly developed 

demenstrsHe parasitet and overt roaiana 17 and 23 days after the last d<»« 
of atebnn respectrrtly 



26i 




T/»1« ^ ^ M» “B 

. mCBB™"’ p •»“* ' ___— 

\ Dvini'g \ suppr®®^______^ — \ \ap 

' \ ' Atebnn \ ' \ \ punng \ ' 

I \ \ T“;:„ Ove..\ '“L. 


Uppefli- 

Q "nrt- V’n -i 

sites 


, 1 \ to + , 

_ 11 to + 

_ 11 to + , 

.ll^^J 

9 to + ' , 

9 to + 


. 26 
28 

28 28 

25 3B 

33 


V 9to + 2M _ - 

r 400 \ 9 to + 2M L— trable parasites 

_— t- ^ncentrat'O"®*! S-lS Pi ?«"“ 

The ““ ** * has t"'" 

hoth eapen®e«a' J „,rf.cteda».*th» M« t„l„ped „„ and 

33 tovt'deen «aoad»\t*nB->naBacepl*'» 

^""”“^aSoa S.aBda.^«* „,e „f^a^=^ .he*«e^, ,e l=v-. 

TV^r? “' 

"““n opetauonal d P«>P»«® °' a f ««a« -b*”” “ 


f P viva^ 11“^ ■ ^ ,„as anti'-^i"'^ „„„<- vJO» *•''* 

‘““n opetauonal d P«>P»«® °' a f ««a« -b*”” “ 

‘^d X f :d\wt °' 



VTIWN ItCrPTIitUTT Off riLCJUtCil AXD t rTTIX 


m Mofotu were at thght vtdlt tboM tn Bon»o frcrt probably rtmulyeipcacJ 

to rwk whiTe in ibe jungle furthcf the penod of apoture in both pbcc* n 
Ica jnit under 6 mcmthi, Etcq to u it wu known ihit ntijtj of thcK tfmne 
hid been pTWouily inferted with P cirex in former c uupi t gm their low tut 
xm an outstanding acfaiereinent aatraa therate in the fotres in the SoloiDoaitiHl 
New Bntim, whtre the mabna hanrd was great. The fact that the P oeai 
rate In trwips in the Artaipe-A\ewak area was so much greater tbm com 
spending rates in the Solooiant and New Britain, which were compaoWe 
hyperddermc areas of mafirra, incfacatea that their standard of atebnn (fisopiae 
was infcnor 

Tuu XVL 

TUB odsoca o* ueuurNwit a.T n fjmaar attrutr^ 

OMt-ISUX 



7 ScnkDitiT A:n> Covcumoio. 

1 \oIunteea recemog ranoui cherooth efs peuac agents hire been 
cip c umen taDy nlected with tooaqulto-transtmned imins of P /aiapam* 
obtained from nme soldiers with natural infection acqtmed m Aitaipe Wewat, 
New Guinea. 

2. The strains were derrvrd from a highiy selected group of pawno 
specullj chosen for investigation at Cairns because of the teadeocj to 
recrudesce after standard QAP M treatment, or for some other reasoo luch 
as h y p erinfection. They were eicepoona] cases and did not represent a tyjscal 
cross section of malani as it mamfested tseif m the Aitiipe \Vcwak area. 

3 The strain or stiains of P /•Inpenm obtamed from seven of these 
tune soldiers were atypical inasmuch as malaria was not ruppreised m vohjBttos 
operunentilly infected with these atiiins when receiving 100 mg of ateMn 
daily and was sooxemnes suppressed bat not readily cored m Tohmt^ 
anmlsrly infected when receiri^ 200 mg of atebnn daily despite the 
that both of there soppreasne regimens were continued for 28 diy* after the 
tut enposoje to mfecnon. 

4 The strain of P falnpunna obtained from two of the nine soldiers w» 
compieteiy suppressed and radxadly cured m rohinteen recemag *00^ * 
atebnn daily orcr the penod of exposure and subsequent 28 days. Both of 
these sojehen h*d had only one attack of malaria. 
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5 Four volunteers developing overt malaria at Caims ivere treated with 
the standard course of therapy employed m the Aitaipe-Wewak area Three 
of these four volunteers were not radically cured by this course of therapy 
even though it was followed by maintenance atebnn — jO 1 gramme daily Such 
a result ivas most unusual and had been only very rarely obsen’^ed previously 
The significance of this and similar observations in regard to the prevalence of 
this strain throughout the Aitaipe- Wew ak campaign was considerable Since 
the incidence per man of secondary' attacks was only 1 15 to 1 3 throughoyt the 
Aitaipe-Wewak campaign, it follows that failure to establish radical cure with 
standard Q A P M treatment ivas exceptional and that the common strain 
producing malana there tvas the atebnn-susceptible and not the relatively 
atebrin-resistant strain 

6 Evidence was obtained that the greater the daily dose of atebnn or 
the higher the mean^ plasma-atebrin level, the greater the degree of protection 
afforded to volunteers exposed to infection with the relatively atebnn-resistant 
strain or strains of P falciparum found at Wewak 

7 There appeared to be tivo mam groups of “ strams ” of P falciparum 
^vlth regard to their susceptibility to atebnn in volunteers recemng 100 or 
200 mg daily 

Group A Straim — Three strains regularly produced overt falciparum malana m 
volunteers receiving 100 mg of atebnn daily, and were sometimes suppressed, but not 
radically cured in volunteers receivmg 200 mg of atebnn daily Four strains n ere partially 
or completely suppressed, but not radically cured by 100 mg of atebrm admirustered each 
day, but were completely suppressed and radically cured m volunteers receiving 200 mg 
of atebnn daily These relatively atebnn-insusceptible or atebnn-resistant strains have 
been encountered nowhere else m New Guinea or New Bntam and only accounted for a 
minonty of the malana casualties in the Aitaipe-Wewak area 

Group B Strains — Two strams were completely suppressed and radically cured m 
volunteers receiving 100 mg of atebnn daily This atebnn-susceptible strain ^va3 the 
common stram affecting troops m the Wewak area and conformed m behaviour to all 
other strains of P falciparum encountered in New Gumea or New Bntam 

8 Paludnne in dosage of 25 to 100 mg daily acted as a complete causal 
prophylactic against all these nine strams of P falciparum It is evident that 
had paludnne been available at the time for field use, malana casualties due to 
relatively atebnn-resistant or insusceptible strams would have ceased 

9 With the exception of atebnn and sontochin, no evidence of decreased 
susceptibility or mcreased resistance on the part of Aitaipe-Wewak strams to 
anti-malana drugs (qumine, resochm and sulphadiazme) was found 

10 The mode of ongin of the Aitaipe-Wewak relatively atebnn-resistant 
or atebnn-insusceptible- strain is a matter of conjecture and has not been 
finally determined The quality of relative atebnn-resistance may have ansen 
suddenly as a mutation in soldiers taking atebnn, or constituted an inherent 
biological charactenstic of a geographically limited stram On the other hand, 
the fact that it was first demonstrated m an individual who was purposely 
avoiding takmg atebnn, suggested it nught be onginating as a result of 
prolonged suboptimal dosage Suggestive evidence of loss of atebnn resistance 
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WM obulned in Eipemnent VI mth the relathxljr imu»xpQbk « rahtxt 
Stnin 8 tfter four patagt*. After the foarA pautge through oMwimtoa h 
1 Toluntcer eipoecd to ten mfectiTc bites (P falapmm) soppreswei cal 
cure restJted with i toean plxtma^cbnn lerel of only 23-0 m < i-Tiij r«mm#^ ^ 
litre wfaJe oo t regonen of 0-1 grsmnie of itebnn daily 

11 Vohmtters Infected with *n Aitaipc ^^eWJh itrsin of P vntx 
to dcTtlop major cymptomi of malaria or paruitcs in the blood while 
four Of seven tablets of ttebnn weekly No endenco of an tefaruv-iosusceptWe 
or ttcbriD-restttant strain of P orwjr «u obtained. The 741 attach ef overt 
berugn tertian maltm developing m troops in tbe Aitaipe Wcwik area mmt be 
attriboted to their failure to take ereo four tableta a week. 
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APPENDIX A. 

r USED as OAurrocm Cswnas r 

WnrsK Stbadw or P ftidp&nai 
Na 0 TJ:F Pte. m InCaUiy t^nalsn. i4«r 20 yean. 

Setred in Aitaqw Wmk ares bocn Noronbrr lW-l,teJuJy 1945—8 tn odh s. 

Btsied soppiipriaa Atabno 100 tot dsdr 
Prerioui oidsria tMis (1) 30J 45— F /iiq^rrss* — Q jVJ* M 
(S) aj «—F /•&««■— QAJ» il 
^ ai.£.45— Uoamfimwd— G-AJ* M 
(4) 24 6 45— P quriM 

Prtttmtsti*cA 24A-13 Qos tropbnxste P f ^up ^nom per 6skl m ttuct bjpod fib*- 
Stared to tar* euletl enursa of thrrapy for bst tn»ei 8 dayi ifo, also ttal^ iw 
teoancs stabna ccenajeaeed 1 day Sfo (fr 7 days rnttheut amprenye 
qufavioe sulphsta n trsrwt to Cwm*. Oord epurrm on 30 7 43 after levaii'i S 
dare cf ISO gnu m 6 days. Ob 7J 45 (I »ett aftar sdmaaioo)P trifraen" 
ot d» order 1 po- mna denoottmed DstwOes totre sa sd to 23,000 pe^ 

awl tDodeiata attack of makna occuned. A panetocyta mars 
d*t*tye(l80p«cjiiiB.»too6seTTedtod/l pm mt a i^i y—fTWatas were 

*1^ mnlAM-r wm treated with aiebfWJ wbda the JUuwtocyta wars i , . 

HJ g. w n n'i- . ewer period cf 10 dayt. Pahjdma 300 m* dady was then rws 

for 10 days wfth cap*d fWpODsa and curs of iha tofoctioo. 

Twanty-tbrea days afttr tbs laat does of paXidrkis trcyboBofl** of P 
deiDoedtTSted m thtt± blood fihiw— overt was imlaw najuirin* ther^ d*«»P«- 


T resddy fcifcewd. 
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No 4 GRA Pte in infantry battalion Aet 24 years 
Served in Aitaipe-Wewak area from December, 1944, to June, 1945 — 6 months 
Stated suppression Atebrm 100 mg d^y 


Previous malana attacks 


(1) 4 4 45 — P falciparum — Q^P M 

(2) 5 5 45 — P falaparum — Q A P M 

(3) 21 5 45 — P falciparum — Q A P M 

(4) 2 6 45 — P falciparum — Q A P M 

(5) 16 6 45 — P falciparum — 

Present attack 16 6 45 Began to feel “ off colour ” towards the end of his course, 
and on arnval at Cauns had 240 trophozoites of P falcipanan per c mm (m thick blood 
films) He was given qiunme sulphate 20 grams on 19 6 45, and 10 grams on 20 6 45, 
■which controlled the attack His general condition ■was not good and treatment -with 
paludrme 100 mg daily for 7 days ■was commenced on 29 6 45 ■with rapid and satisfactory 
response Parasite densities reached a maximum of 3,980 per c mm on 28 6 45, at which 
time the soldier had a moderate attack of P falciparum malana On the day of first therapy 
(29 6 45) 16 per cmm trophozoites of P vwax were seen as well as 1,780 per cmm 
P falaparum This soldier did not develop a satisfactory gametocyte wave No P fala- 
parum gametocytes were seen and only four P vivax gametocytes on 2 7 45 

A secondary attack of ■vivax malana occurred on 22 7 45, 17 days after the last dose 
of paludrme 100 mg daily 

Submoculation of 10 c c whole blood was made from this soldier mto a non-immune 
volunteer for the purpose of obtammg a gametocyte ■wave adequate for the infection of 
A punctulatus punctulatus 


* 

No 6 DER L /cpl m Commando squadron Aet 29 years 
Served m Aitaipe-Wevrak area from November, 1944, to June, 1945 — 7i months 
Stated suppression Atebrm 100 mg daily 
Previous malana attacks (1) 13 6 45 — P falaparum — qumme 

Present attack 10 6 45 Admitted to hospital m Aitaipe-Wewak with the diagnosis 
of “ imtable colon m a neuraesthenic imstable personahty ” Complamts — typical of 
neuraesthcmc mdividual, who is anxious Developed falciparum malana while m hospital, 
on the 4th day, and was given qumme 10 grams daily for 2 days before arnval at Caims 
On arnval (16 6 45) there were 800 per c mm P falaparum trophozoites and 16 gameto- 
cytes per c mm He was given qumme sulphate 90 grams over a penod of 14 days and the 
infection was controlled though the soldier remamed partly confined to bed He was 
submoculated on 26 6 45, when parasite densities m the penpheral blood ■were 4,500 per 
c mm The reapient of his blood (2 c c ) developed a good gametocyte vrave and infected 
mosquitoes satisfactorily 

Paludrme 100 mg daily ■was admmistered from 7 7 45 to 13 7 45 — a total of 7 days, 
ivith a satisfactory clinical and parasitological response , 18 dajs after the last dose, 
overt malana developed and both P vivax and P falaparum trophozoites ■were demon- 
strated m thick films durmg the ensumg attack 


No 620 STE Pte m infantry battalion Aet 39 years 

Served m Aitaipe-Wewak area from November, 1944, to May, 1945 — 6 months 
Stated suppression Atebnn 100 mg daily 

Preiious malana attacks (1) 21 1 45— P falaparum— QJi P M 

(2) 11 2 45 — P falaparum — Q A P M 

(3) 28 2 45 — P falaparum — Q A P M 

(4) 13 3 45 — P falaparum — Q^P M 

(5) 6 4 45 — P falaparum — Q AJ* M 

(6) 30 4 45 — P falaparum — P M 

(7) 15 5 45 — P falaparum 

It IS noted in this soldier’s records for the fifth and sixth attacks that atebnn ■was 
bemg taken and that the unnarj atebnn concentration exceeded 10 micrograms per htre 
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S. TTOO EHr to tniupott pktooo. Aft. 29 jeotL 
aa Aitatp«>W««ik ma fnxo Octobat, 1944 to Joly 1945 — 9 mxili*. 

Stated luj^iiM^xj 100 mf- atdn liaJif but dS 1 mnrtttt ago SM at- datr 
P re Tkm anoda oi rniUria (n Idth Jolr 1945— tpihihw 

P r tJ tat mOsck Ftm attu of maltiK nmkrita — mjt i Glra 19 

l&tfa July and 22ai July wtdcfa eootroOtd the tn f e aa ao. P faktpmvm tnfttxoaaiada^ 
dcmtty of I2,0(M ^ cjnm. m 38tb July aad gnortocytei mcbed ipi n it m ^ 4 ^ 
n earn. 00 Sint July ptiodme vrt* o^acwoccd nv douftc SOO o^ ft-J y fc* 

10 dayL 

riwiiia iiiliilii Wr*l Shb Joly ~ 19^ per fattc. 

No. 7 PER. Tpr io Cnruinando Kpiadim. Aft 33 ycao. 

Setre d io Ahais«>W«wal; tret freco Norember 1944 to Joiy 1945—9 mootba, 

SOtttd »upp r a»i o u 100 tnf atebria dally 

P iCT i o u * ttttdj of makria t (1) 23.7 45— .P /tk i ftntsm — qinoaie 

P r o m t tOtdi t Hypgrinfeetfao amul to hate 20 per nnt. f jed caOi fal kte f 
Gim tstTwoDoi qtttokM aod u^nu acolar atebtin 2&d, SSnl aed 34tfa July 19U, 
folicnrad ^ ffitnt»ia aoipbate 46 mbM da^ by raoutb tor 4 day*— foOewed by attbrta 
200 am. foe I day tbeo qokiicn lO fratoa foe 1 day Od Sth d^ after aTrinl at Cbm 
no 7 45} P /tlnptrwm end P cfemx mpbaroittt wara th uxaiim tcd m thhk U«d 
Sima. On li7 45 P /afc^p a r — I tfo p buio itea manbetexl 41 000 per rjwm. atxt attbtk 
SOO stf tm ctreo daOy for 3 day*. A ftwd fsoctscyte wa\ dnelopad, taatkata 
esuftt of 1,000 par '■-'rwn babv teadied 00 Oib Aefcat. Battbea of mja >jm foa •atv frd 
OD thb aoUier aod wen anba&tanH infected. Tiratenent ««a » tfa pahidnne 300 9 f. 
(kOy for 10 day*, corKhaibc on 3&4S a accondaty mdi of nm oDatarii e teumil 
OB 27X41 
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APPENDIX C 

PLASMA-A-reBBn^VEVliLS— EXPERIMENTAL CROUPS 1 TO M 
(AtTAIPE-\VE\\ AK STRAINS) 

Experiment T 


(Build-up 200 me atebnn dailj for 7 dal’s) 


■ 

Volun- 

teer 

Atebrm 
mg / 
day 

Meano 

plasma- 

atebnn 

level 

gamma /litre 

Number 

of 

readings 

Duration 

of 

atebnn 
adminis- 
tration 
in days 

Plasma- 
atebnn 
level at 
first demon- 
strable 
parasites 

8S 

JAC 

100 

20 7 

7 

36 

19 

4TS 

BAT 

100 

18-0 

4 

29 

11 

6TS 

LON 

100 

20 6 

' 

29 

24 

620 TS 

ROB 

100 

21 2 

25 

68 

21 

2TS 

PYL 

100 

17 1 

12 

38 

21 

19^ 

MEN 

100 

20 6 

11 , 

50 

11 


HOW 

100 

46 8 

13 

44 

30 

22 S 

HAL 

100 

20 9 

13 

56 


7S 

STE 

100 

18 4 

12 

36 


9 volunteers 

100 mg 

22 Ijfig /litre 

104 




• T •« trophozoite tranamission S «=i sporozoite transmission 


Experiment II 

(Build-up for 100 mg atebiin daily — 200 mg daily for 7 days) 
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Experiment VI 

(Build-up for 100 mg atebnn dail> = 400 mg daily for 4 da>s) 


Volun- 

teer 

Atebnn 
mg / 
daj 

1 

1 Meang 

1 plasma 

j atebrm 

1 lea el 

1 gamma/litre 

Number 

of 

readings 

1 1 

1 ^ 

1 Duration of i 
atebnn 1 

1 admmistration i 

; 1 
days 1 

Plasma- 
atebnn 
level at first 
parasites in 
blood films 

TUR 

100 

1 22 4 

11 

1 23 i 

! 

— 


Meang Peasma-Atebrin Levees 

(i) Stipprestize regimen of 100 mg daily 

Eighteen ^oluntee^s, 221 observations Observations made over penods of 4ime up 
to 68 days after cessation of “ build-up ” 

Meano plasma-atebnn le\el = 21 4 gamma/litre 

Range of meanso plasma-atebnn levels = 9 6 to 46 S gamma/htre 
Meano of meanSo plasma-atebnn levels = 20 7 gamma/htre 

(ii) Suppressive regimen of 200 mg daily 

Seven volunteers, 153 observations Observations made over penods of time up to 
60 da>s after cessation of “ build-up ’’ 

Meano plasma-atebnn Ie\ el = 35 4 gamma/litre 

Range of meanso plasma-atebnn levels = 23 0 to 46 3 gamma/litre 
Meano of meanso plasma-atebnn levels = 34 8 gamma/litre 










TR-^N '-ACTION' OF THE Uo\ M Soi ICT\ 01 
Troficae Medicint and HaGIF-NF 
\ol 40 Xo 3 Di-Ctmbcr, 1940 


CONTROL or PL\Gl'E RY MLXN'S OT Ll\ L WIRULENT 
PL\GLE WCCIM: L\ SOUTHERN \rRlC\ ( 1 ^ 141 - 14 ) 

RA 

E GR\SSET, M D * 

South A(ncm lutUtutc jor Mnhcal Rfuarch, ’fohnnrrsbuT); 


In a prcATous publication (Grafsft, l*44!i) an account a\'' 1 'a gi\cn of the 
first senes of field immunizations with li\t aMrulenl phguc A-accinc in the 
control of plague in South \fnca 

Dunng the }cars 194144 there were periodic plague epizootics among 
wald and domestic rodents throughout the enzootic area The enzootic area 
extends wadel}, from the Cape Karoo and the High Veld, north-wcstwnrd 
through the Kalahari desert to Rechuanaland, South-West Afnca and \ngola 
These epizootics resulted in recurrent plague outbreaks, mainh in the 
rural Natnc population, in the northern and southern Tree State and Basutoland, 
the Natuc terntor) in the Glen Grej and St Mark districts, on the border of 
the Transkei and the Utensberg distnct Einalh, in South-^^est Africa, a 
sharp plague recrudescence occurred, in 1943, in the northern temtorj of 
Oeaimboland, where plague has been endemic during the past 12 jears f 
Following the satisfacton results from Iiac a\arulcnt plague \accine in 
1940-1941 dunng plague outbreaks, the Union Public Health Department 
decided to apply this prophylactic method wherever the epidemiological situation 
appeared to call for active immunization measures 

From January, 1942, to September, 1944, live plague vaccine vvas used in 
the control of fourteen plague outbreaks, ten in South Africa, three in Basutoland 

• Wc wish to express our thanLs to Dr Pram Allan, SccrcLar> for Public Health, 
for faahties granted in this work and for the data kindiv supplied b\ medical officers of 
his department 

We arc indebted to Brigadier A Orenstein, Dircctor-Gencml of Medical Services, 
U D F , for his permission to publish data referring to the South Afncan Forces, and to 
Dr E H Cluver, Director of the South Afncan Institute for Medical Research, for his 
personal interest 

Wc also wash to record our grateful thanks to Dr Hamilton Dvkf, Director of 
Medical Services, Basutoland, for his valuable information, the Distnct Surgeons and 
Medical Officers of Health who helped us, Mr D H S Davis, Ecologist and Chief 
Rodent Officer, Public Health Department , Dr D F Murrav , Plague Diagnostic 
Department of this Institute for his helpful co-operation , and Miss M Rorinson, 
Serum Department, for technical assistance 

t For data on the history of plague in South Afnca reference may be made to Mitcheu-, 
PraiE and Ingram (1927) and the Awiuat Reports of the Union Public Henlth Department 
(1941—43) For South-West Afnca, sec the Report presented by the Gaterimient of the 
Union of South Afnca to the Council of the League of Nations concerning the Administration 
of South-West Afnca for the Year 7'J32 
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*nd one in South \\c« Afnci Of then ootbraiks nine wtre bubomc ej 
•qjticieiruc, three pneumomc and two hid mli eH bubotuc, poeumooic tal 
lepticaciiuc foma of rnfection. Tha does not tike Ipto account «prr^ 
epiioCue fod at the occurrence of which prophyiicUc immiinrr^rwt 
applied on a limited acalc. 

At a rouh of the cloae ccM>peration with the Medical Officen of lit 
Umon PnbLc Health Depirtment and the Rodent Control Depirtmait, 
atepa were taken, wberertf poasibic, to obtain all uaeful Hjm regarding 
Tirtoui outbreaki. AD autpected plague apedmens were aent to the pbgoa 
department of this Insthnte for bactenological identification and patholog^ 
aecttom. Theae irduded rodenti found dead, or caught ahre in the aojptttbj 
arena alao poatmortem rrutenal from human caiea of plague or thote 
of hanng tuccumbed ai a reault of that infection. 

Bacteriological iaoladon of ParUundM ptJtu waa earned out whemcr 
poaaible and followed hj virulence testa on amceptible laboratory 
mimly multimammate mice (Mtatamvt cncMa) TUa Sooth A&wan mdent 
hu been foond to be highly auaceptible to plague infecticin (fire to nr Tfaulait 
plague baalE are auffloent to pnrrokc by Intrapentoncal injectioo the deuli 
of 90 per cent, of the animah ao mjccted. (Datu and Muhiat 1945). When 
M anufui waa not cniUble guioeapiga wtn uacd for Tirulence testa. 

Ai aoon m an outbreak wci notified • supply of fire plague raeane war 
sent by the most rapid route, fn oauiy caaea ractue waa taken peraoctally 
fromthia liwtiCute by pubbe health officen In charge of control of the ootbreak 
Thu cloae co-ordlnadon be tween the rartout departmenta concerned, reaultrd 
m the most benefiaal resulu from the epidemiological hygienic, and bninaao* 
kigical vtnrpoints. Wlien this peraocuU contact conJd not be arranged, as a 
the case of an o u tbreak In remote Nanee ter ri tory the tentatrre diagsosu of 
mfectmo waa baaed on epidemiological and clinical endence and direct Ksetn 
from bubo or sputum. Supplies of pbguc racane were lent pending bacteno- 
kigical confirmttioa. District surgeons and public health officen coocemed 
were sent formulsires referring to the mam epidemiological and chmcal drti 
of the outbr eaks, for return to dm Institute on termination of the outbroi 

Onftn^ tj rodent or human. Local or imported case. Date of coia- 
mencement of outbreak. Speamma sent for bact CTi ological naminsnoo. 

of Plttftu Cmsa amd Dr^hs — Bubonic, pneumonic, scpDcaenBC, 
with ep dcmiologicd and cHniral data among non tmmunaed persons. 

DwTs ef /sumooaatww — Number of persona raccinttcd and nitnre of 
neemej reaetjon* otaerred. 

NvmheT cf Piofut Caro and ZVutir — Bubonk, pnnimatoc, tepocaenuc 
imong imnnumed persona. 

A- With epidemiological and clinical individual data, »,s reipectire dsw 
and period b e tween rmmumntKm and mfecocaii contact. 

B Penod be t ween mfcctioos contact. onsO of dueaae, and death. 
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Therapeutic Treatment — Antiplague serum — sulphonamides 

Additional Data — Companson in the evolution of infection between 
immunized and non-immunized persons, etc 

Type, Concentration and Doses of Vaccine Used 

The vaccine consists of a live emulsion of avirulent strains of Salmonella 
pestis m a concentration of 1,000 million organisms per cc This is obtained 
from the 24-hour growth on nutritive agar at 37° C , suspended m saline, 
from the two folloiving selected strains of aiirulent 5 pestis and adjusted in 
equal bacterial concentration — 

1 Strain K/120 South Afncan avirulent strain of Salmonella pestis studied 
by PiRiE and Grasset (1941) and found experimentally to possess high immuno- 
logical properties for guineapigs and rats Immunological experiments carried 
out by the writer with Murray and Davis have shown that it also confers a 
high active plague protective immunitj'' on multimammate mice {Mastomys 
caucha) against subsequent infection by virulent S pestis 

2 E V avirulent S pestis strain, selected by Girard (1935) in Madagascar 
and used by him in the preparation of avirulent vaccine at Tannanarive, Pasteur 
Institute The latter strain has been found by us to be of somew'hat lower 
protecting value in the immunization of rats and multimammate mice against 
virulent South Afncan strains of S pestis which we have tested It was, however, 
kept as a precautionary measure in the preparation of the vaccine, as the latter 
was used in the immumzation of troops in the Madagascar Expeditionary 
Force 

Immumzation consisted of a single injection of 1 c c of avirulent vaccine, 
administered subcutaneously This standard dose was given to all adults and 
old people Proportionally lower doses were used for children 0 5 c c m 
children from 5 to 12 years and 0 25 c c in children under 5 years The 
vaccine was used during the month following its preparation Repeated 
expenments have shown that when kept m a refrigerator at + 2 -f- 4° C , the 
biological properties of the live vaccinal emulsion show but little alteration 
dunng this period of storage 

Keeping Properties of Dehydrated Vaccinal Emulsion in vacuo 

Concentrated hve vaccinal emulsions were also dried in vacuo at low 
temperature by means of the lyophile process by Dr Lewis, of this Institute, 
and were tested after varying periods of storage m refrigerator— respectively 
after 3 months, 6 months, 1 year and 2 years The dry bacterial material was 
made into an emulsion with sahne solution Part of the respective emulsions 
were planted on nutritive agar, and the remainders were used for immunization 
of multimammate mice (Mastomys caucha), being given as one single injection 
of 400 millions subcutaneously Some delay in the original growth was observed, 
espeaally on plain agar Sub-cultures, how'ever, grew in the usual time and 
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■hmred the imul rmcrtwcopK dartctcmtjo ImmuniittKio of tookinamcm 
im« with retpectire nmpkt and with freahly p r c pi re j enmlnont of ad 
annikiit rtcone, ibowtd only Htfle attcntutioo m the mtigenic properta 
of the “ dned \-iccine, eren with ample* wd after 2 yw* of diy ttop. 

The ome proem u u»ed for atonii^ indindxtal tvinilent pUjJoe 
Beude* the aboir nained atmni two other armiknt l/19fU (Pim 

and Gamr IWl) and Tjnridq R (Omit 1B06) are kept at i standby 
their immunological propertie* art checked periodically 

rtcewAL atACnoNi 

Of the total of over 40000 mdmdot! do*ea of anralent pitgtK raccBie 
tasQcd suice 1041 no mnemrd reaction or complication attribotabie to uBatav 
natron ba* been recorded, Chmcal information arwi teport a to hand, coocemhtt 
orer 14 000 immunaed pcraona, aO emphawe the oiCM type of racema] nac 
non* obaerred. No racial drfference ha* been noted among European*, Nitim 
and Eurafneana, mr any difference between •cxc*. 

Loetd metum Erythema « th aCgfat tcnderecaa of about I to 3 cm. 
diameter at the arte of mjccoon waa commonly o b a er re d , luoally i£>appeiriaf 
wrthin 48 hour* Reacnon of the adnaiy gland was usually ahaoit. SSgbC 
and trazmUiiy tumefaction of aadlary gland wa* obaerttd m euqxioiial caw*. 
Iq aome unmuraxed penoo* a hard mfiltratkm n the me of the in^ectloa wti 
obaerred, hating for a few days, 

Gfmtrti n^Oicms When present these were limited to a feelmg of haitode 
or aEght headache on the eriadng of Injeenon withoot nae m tempentorc ec 
only t abght rue. Other tranartory symptona o b se rv e d were pna* m the bad 
or m or e gcuer alned muicxdar pttna, la m mffanua lasting for a few hom. 
TTieae symp to m * were accentuated in allcTfic persona. 

TTk Immnnsatun of tome 120 pubbe health officer* of varrou* emnn* 
dpaHtiet, and the staff of the Rodent Pepartmoit, earned oat by wuadru 
and by aomc of the officefi from whom we I 'eceTYcd p erao na J mfonnalsan, 
proved partjcukrly tneftiL The majority of these peraon* were roocuhted « 
re>moct^ed on ffse occasion of * plague ootbreak and had to coctimic with 
them field work sritbont rest the inoculation was reported to bare resahed in 
no mcapadlation, CliiBeal record* made by aomc of these roediral officer* of 
pOrion* inoculated at the anne tune as themselTta, corToborate th»r persoo*! 
obserrauaiM. The following data refeiring to Tanous section* of the nwcuhted 
population win a cne to aemph^ these facta. 

Dr Hiara-TOM Dm. Director of Medical Sertice*, Basutoland, hi sn 
mtmm report dated <3 on ih* u»e of pbgae vaceme m this temtoty state* 
The reactiom from racemation were mild, only (Hacomfort and erythema it 
the sUf of injection. Two medicil office™ and I, a* wed t* fire E uroj^ 
■i*tcri,\were ramunmed, and none of us were mcapaatated in our work. 
Later tiJbrinaaon from Dr Dm refemng to immunkatioo and re-onmtmmtion 
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of Basutoland Public Health staff, as well as of over 1,100 Natnes and 800 men 
of the African Auxiliary’ Pioneer Corps, supported this conclusion, ztz , reac- 
tions among the European staff and Native population immuruzed were 
negligible 

REACTION OF MINE NATIVES IMMUNIZED 

The following clinical observTitions were made by Dr Spiro, District 
Surgeon, Roodepoort (Rand towm 21 miles from Johannesburg) from 987 
mine Native workers of the South Roodepoort Mam Reef Gold Mine, inoculated 
on 5 9 43, with a\arulent plague \accine 

1 Tempetaiure In 886 men temperature was found normal In 101 slight 
increase in temperature was obser\cd (one case over 100° F ) as showm in the 
following tcmpcnturc record taken 30 hours after inoculation 


Temperature 

recorded 

Number of Natixe 
workers immunized 

Normal 

S86 

(l9'-0n G“ F 

CO 

PO 0”-ldiV F 

10 

lli0'-l(il° r 

0 

ior-ui’''F 

1 


2 Pont at site of itioculalinn 

a Slight or modtntc, nineteen, of whom eleven had temperature 
from <19 to 1(MI° F 

b Scitrc pain twentj-fivc, of whom eight had temperature up to 

p 

3 Ilcndoche, iwo tenipcnture 99° F 

4 General body pant, two , of whom one had temperature 99' F 

5 Other sts’its or symptoms, nil 

t VCCINAL REACTIONS AMONG INOCULATED TROOPS 

The follownng records, released wnth the permission of the Director 
Gineral 01 Mfuical Services, U D F , were taken from 1,212 of 3,600 men 
inocuhtcd with 1 c c of nvmilcnt plague vacanc. 

1 hc'c intluded 401 Europeans, G15 Natives and 196 Eurafneans There 
were no untoward reactions and on the whole vaccinal reactions, when present, 
were verv mild I it tv -one, or 4 2 per cent , had local reactions — s\\ol!cn and 
painful arms , tlurtv-hve, or vl 7 per cent , had a general reaction — headache, 
backache or shuenng, generalized bodv pains, and three with painful axillarv 
gland Del iib of the respective oeeurrcncc of reactions are piv en in the following 
table — 
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COM 


MO 


Rk* tnd aumbrr 

tnoctdiird. 

Local rrJctue 

1 OoMnl mawa. 

Evropm 

Vll 

IStSTpcrmit) 


Nstp 

aia 

r{ii ) 


Emfrkans 

IM 

9{*i ) 

[ «(J ) 


Tbe low /rajucncf latc of rtxciJoa« ob«TTtd tznanf the rviota fectus 
of the mocubted ppopnlatiQQ (ovfUen, ounmg ti\d army) corrobome tie 
loaoe** ind aifety m Ljrge*«atle field appficatjcm of the method, rewhiof b iti 
e«y acccpOmce by the uneducated Natire popabtuo. 

LiTr pLAcui \Accit<i c« TnB Co'mtou of rxECiioHic akd Bcbo^ 
PlAOOl OcTStSAJCS 

A ihort account of the plague outbreaha m which hre anmknt phfae 
T»cane waa uaed, w»// now be ^ren. tdth the main epidenuologicai and fatmuw 
logical data and the influeoce of pfophylactic raccmatiOQ in the cTDiottoo cf 
theae outbreaks. The fourteen outbre^ will be grouped accoedmg to tbe 
mam chnicaJ type* of the infection. bubonic (and Kptkaenuc) and poeo- 
mooK, aa«a to facifacite the reapecareanajynea, eapeculfy a* regard* tbelafiucoce 
of unmunention m the reapectiee epid«mJc4ofical form* of the mfectMa 

TtLjoctnatooN pxEuvtroc Ptjum ocmnuwt (;vi.t-acct»t IWI). 

TTu* «aa the cecond plague outbreak m this nonbem Orange Fret Sot* 
diftnet in 1941 The fim w a muted bubonjc-fmeumncuc outbreak in t 
farming area. Thtt was the first occason m which bro aeirulent plague racene 
was used and rctulted in rapid control of the outbreak. (ClLOisrr 1942.) 

Four months later (I2lh /oly), in the Nitire location of this nnaD toan, 
w her e no active immunostKm had been earned out, pneumonic pbgue bnke 
out. The cngutal ctae an old tj.xnium nho died withm 48 hours, was followed 
by ten further plague cases aO pneumonic, occ urr ing within the subsequent 
3 weeks r.#„ fix membcfs of the aame family and four fnends. Eight of these 
perscoa fired m the location dote to the but of the original case and two on a 
neighbouring farm. \11 the case* were direct, cloae contacts who rmced w 
nursed the first cate, slept m the same hut or attended her funeriL TTie first 
inthin 48 boOT after the onaet of the disease. Spvtum d ihcsa 
cases sent to this Institute wst found to contain Tmilent S futta. 

Immonizition mth Cre plague vacane was started on 2Sih July and cna 
tinued during the foUowrng days 4 aexane was giren by Dr ClaxK t TW 
Naorea (aduhs and children) of the cr owd ed now quarantined, popnUd® 
of the location. In adcEtion to the -accinc. 50 c-c. of anti plague concentr aud 
atrum was administered to aH direct contacts of cases Children recored 
25 C.C TTiete included all persona who bad been linug lO the same hfft ai 
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the patient before her death In one case, two children had slept under the 
blanket of the infected mother, one right up to the time of her death Those 
who, although not in contact with the patient before her death, but who assisted 
in the burial, were given 25 c c anti-plague serum The total number of 
immunized, close contacts was estimated at about thirty-five Of these three 
developed pneumonic plague One, a man of about 30 years, fell ill 24 hours 
after vaccination and died on the 2nd day of illness Besides 50 c c of anti- 
plague serum injected prophylactically, he was given 300 c c of serum thera- 
peutically In Dr Clark’s opinion (1943) vaccine was injected too late in 
the incubation period and could hardly be expected to give any protection. 

The second case was a man of 35, whose wnfe had died on 26th July without 
hav ing received any vaccine This man had received 1 c c of vaccine and serum 
on the 24th and 25th July His incubation period was unusually long — 12 days , 
he fell ill on the 7th August and died on the 9th August in spite of further serum 
treatment Sputum was 5 pestts positive 

The third case was that of an old woman of about 70, w'ho also contracted 
pneumonic plague and recovered Considenng the particular interest of this 
case It will be referred to m more detail The followung data regarding this 
case have been taken from Dr Clark’s paper (1943) She was a close contact 
of several fatal cases and had received 1 cc plague vaccine and 50 c c anti- 
plague senim prophylactically only 5 days before the acute onset of her illness 
Directly she became ill, she was treated with large doses of plague serum A 
total of 450 cc was given intramuscularly and subcutaneously She had the 
same symptoms as the other cases — high temperature with a feeling of constric- 
tion amounting to actual pain in the chest, accompanied bj a frequent “ loose ” 
cough producing a frothy sputum w'hich later contained bright-red blood 

How ev cr, after a w eek of acute illness, she finally recovered Bactenological 
evidence of pneumonic plague was found in the sputum sent to this Institute 
Cultural examinations were at first negative Tw’o guineapigs were, however, 
scarified with the sputum One dev'eloped a bubo and was killed 14 days later 
Cultures made from this gland prov'ed to be positive for 5 pestts From this 
culture two further guineapigs were scanfied and one was inoculated One 
of the scanfied guineapigs died 7 days later, and a section showed plague 
lesions S pcstis was recovered from the lungs, glands and spleen, and also 
from the bone marrow The other guineapigs also died Cultures obtained 
from these were inoculated into two multimammate mice which died 4 davs 
later Postmortem sections confirmed death from plague and 5 pcstis was 
again recovered from the animals It was therefore proved bevond am doubt 
that the sputum of this patient contained plague bacilli 

According to Dr Clark’s statement, it is reasonable to suppose that the 
prophv lactic use of the hvc vaccine and serum, given 5 davs before the onset 
of her illness, and the therapeutic scrum treatment caused her recoverv In our 
opinion we are inclined to credit scrum treatment per sc with little therapeutic 



2 « 


M*\tKE artmoL T UNI Mccor 


influence In thu cue, Judging from the negittre cui«itc rcnJtt otwerred ■ i 
number of pneumonic cue< •ubmhted to Itrge do«et of •crum prophyhctrrfj 
and tberipeatiaaij- b the ibecncc of Taccuntion or Jointly wnh fire nasM 
but giren leM thu 6 d>yi before the onset of pneumotuc pligoc tytaptBu. 
According to Dr Lun Tib Wd (IKZS). anti-pbgue senimgiTcn prophybeOaSy 
u Dsble, « m the second u nm a nn ed fatal case grven abore, to pcofcpof tk 
mcuhation period of pneumonic phguc. Once the onset of pulmonary symptom 
a observed, plague serum is conaidered by Dr Wp to hare rety Dmited den- 
peutb actum, erea on the duretjon of the Olccaa. 

On the otber hand, our epidemiological expenence with anrulent ffag* 
vaccine b South Afnca in a number of bubomc, aepbcaemb «pd pr^ m '.i n ' 
plague ontbrciks has rerealed the following facta The speofle proiectioa 
denred from live vaccine starti to bo effective from the 5th day after mocolitiat. 
Irnnmpaed persons infected dunng tUs cmlcal phase and b whci m t^ ocaa 
of symptoros appears withb the 4 diya after momkrirm ffo not beoeflt from aj 
ippwrctit proteetKm from the vaadno. Those for whom the onset of the infcctua 
occurred on the Sth or 6(h days after inoculation, show in mjny t (m 
fulgurating or a more anetuxated form of the disease Tins ia precaely the caw 
of the old woman who recovered after recovbg 1 cc. of Eve Tic cinc and 50 cx. 
of aenrm 5 days htfon the onset of the Ubcas. Sobaequenl mjecoona of bi|e 
thenpcutie d^tes of eoDcentrated ptague acjum may hare contnbated to ddaf 
the crolutian of the bfecQon pending the deveiopmest of aetire piuiee dea 
denred from the vacane, erenluaOy resulting b the Jugulauoo of the bfeem 

Thai case toarhed the end of this pneumotuc oinbrnh. The Kaore locam 
remamed m quarantbe until 12 days after the onaes of ber Dbesa, daring wUck 
time the old patient waa kept ander strict gnard whOe the usual cfaabfectMQ and 
anti-rodent dcrernimraation luea s ur e a were appEed. 

From the ^Idendological pMMDt of rbw it ia mterestbg to obserre, i* 
pomted out by Dr CuuK, that the majority of people who cootneted the 
diaeaae were old people (eight of twelre). TTie two youngest were 30 ifld 4) 
yean. No ceae was observed emong immunixed children, seretal of wboca 
were, however very close contacts. For matance, three, aged 10, 5 and 2 Jtar*. 
slept ra the same hut and the youngest slept under the blanket of ber aotha^ 
up to the very day of the lattes death, as she was only seen by a tnofiol 
nffW f for the first tone dwt cremng Let os add that tha case constitntei th* 
tecond case of recovery from poemnofuc plague after Ere iriniknt pbgw 
vaccmatioiL TTk first case waa obserred by Gaix (IWl) and wHl be refc^ to 
later in some detail b the facuacon. 

Attn nxotiE rMirnwiiATioer ot EAfUTOuuiD (1942-44). 

The following ep dcmlologwai data concenung plague immuniiatioa in ttJ 
temtory were obtained through the kind personal mtereat of Dr 
Drnt, Director of hfcdical SerTkes m Basutoland. 

From March, 1942, to August, 1M3 there were four succeswve pttg« 
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outbreak'', rcg’rrdinp three of which we were able to obtain d,ita, two bcin}>; 
bubonic one mi\ed buhonic-pntumontt md one pneumonic In these out- 
breaks, h\e aeirtilcnt plague raceme was used 

Bubomc outbreak, March 1^42 Prom 18th to hith of tins month, eight 
cases of trpical bubonic plague were nbscrrcd in three distmet \illagcs about 
12 miles distant from Mascni the capital of this tcrritorr \U \ili\es alTe'cted 
showed glandular swelling tense and painful, si\ with inguinal glands, one 
cervical and one aMllarv riacicnological examination of tluid from non- 
suppurating bubo revealed S prUts Immuniration with live vxanilcnt plague 
vaccine was stirtcd on 21st March md included seven medical personnel and 
fifij immediate contacts Diinng the three followang davs the entire populations 
of the three infected valhgta were immiinired a total of Ibd Natives \ accinal 
reactions among adults as wa-11 as children were negligible 

Of the SIX cases which occurred prior to immuni7aiion three died within 
three davs of the onset of the disease Of the ISO persons iinmunwed, two 
contracted plague One a child vaccinated on 21si March, fell ill 2 davs after 
inoculation and died 3 davs later, i r 3th dav after immiimration I he second 
ease was a girl of 11 \cars, from a hut where two cases of pliguc had occurred 
She became ill on 29th March i e 6 davs after tmmiini/ation She had no 
glandular swellings but was verv scnoiislv ill, having svinptoms of scpticacmic 
plague She was treated with sulphapvndine (M I) 891} given in dosage's 
of 1 gramme at 6-hourlv intcrv ils for 3 davs, and recovered 

In Dr Dvkf’s opinion, the-se two cases were probablv infected prior to 
vaccination or on the date of iminunwatinn From the immunological point 
of vacw, the first ease could not be expected to derive any protection from 
vaccination as death occurred on the 5th dav after inoculation In the second 
severe scpticacmic case rtcovcrv mav be atlnbutcd to the combined benefit 
denied from active immuniration associated vvath sulphapvndine treatment 
The second outbreak [mixed bubonic, scpitcaemic and pneumonic) I his out- 
break commenced on about 2nd January, 1943, and was reported to Dr Dykp 
on 9ih Januarv for, associated vvath the illness among humans, dead rodents 
were discovered in the huts of infected cases 

Seven plague eases occurred, all in a village 5 miles from Mascni 3'hcre 
were three de'aths, two scpticacmic eases before the outbreak was notified and 
investigated, and one pneumonic ease who died in Maseru prior to diagnosis 
of the disease Of the remaining eases who recovered, two were bubonic and 
two scpticacmic One of the latter and one bubonic case were treated wath anti- 
plague scrum and sulphapvndine (treatment in the other two casus was not 
specified) None of these eases had been immuni 7 cd 

Vaccination with avarulcnt plague vaccine was earned out on 12th January 
on eighty persons Two of the contacts developed acute adenitis 8 day's after 
immunization They were suggestive of plague but bactcnological examination 
of fluid from the gland punctures vvais negative Roth eases recovered No 
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further ate* of plague were recorded, Pbgue immunixauon wa lUo moLkJ 
to 5(S Nm a bdongxag to • unit of the Aftxan Autalury Pioneer Cttp 
undergoing trtitung m ■ carap 3 mile* from the first affected viTlagt. TltJ ra 
cooudered a neceaaar) pcecruUonary measure, u many f these men, dmrj 
their off duty time, Msited the surroinidinf nibges In this second senei. m 
in the previous one, vacanal reacnooa were very mJi \o cae of ptty* 
occ u rr ed among the troop*. 

Tite tiird ovtbreak Junt to Jmly J9ii Thit was of the pMumoiuc tjpt 
and occurred some 50 mile* south of Maseru From the 19th to 23fd Jane, 
four deaths occurred m Lochaba s village. Symptoma suggested pmeumoea 
plague Quarantme was st once established. Speomcni of sputum ott aa ej 
from a further patient on 30ih June seas sent to thf Institute and found poMtm 
for 5 patu 

On 30th June, four more deaths from pneumonic plague had oemnti 
On the same day 150 Natnes were inoculated with bve vacane. Three din 
bter on 3 7 43 a contact from Luchaba a vnllagc, who had been mocnliteii 
on 30.6 43 fled t Mspcschavcs tnlbgc fell lU on the 4th dav and died lie 
follow ng day 5 7 43 The village was quarantined and 300 persora «m 
Miceinated on 7th July No further case* occurred in the latter vOUge lotbe 
csEse just mentioned the man could not have benefited from moculauw at thit 
es ly tuge as shown by the date of onset of bis symptomi, na., 4 dsn after 
unmumxaacn followed the oe^t day by bis death. 

Between theSOih June the dav of •aconation, and the I2ih Julr fout 
pulmonary cases occurred m Luchaba s village three of whom died and 
re c overe d All of them had been moculated on 30ih June The one a!» 
r e c OTTfcd fen lU on the 6<h darr after inuminmuon and rtcos'crcd in »pite of tic 
fact that he did not get anti plague serum or sulphonanude It la regretted 
that owing to distance' and difficulties in transport, n bactcnologwal ctimnB' 
Con of the sputum was pocsibfe. ohhooph la Dr Drxe a opmioo there was fall 
epidemiological and chnical endeoce of the plsgue nature of nfeeUon. Ormt 
to the same cfifficuhiea no accurate data could be obtained regarding the powJ 
between immunmtKm onset of the disease and death in the three fatal cases. 
Smee lOth Julv no further plague cases have occurred among contact* in ertlier 
village 

Summarmng the ptrguc position n Baautohnd in a report sent to IW 
Institute on 28il43 Dr Dtke concluded ** This u the fourth outhreak «■ 
plsgue in Elasutoland in which b\x pbgue vaccine has been used, one fn 1*^ 
and three m 1943 In all of them the outbreak termmated completely withm 
10 days of inoculatKm. It u also north ooung that iwo cases reco'cred. ooe 
septKaemK and one pneumomc they both fell fl on the 6th day 
noculation ” 

lirutNUiTioM DuiDCG ruioti ouTB*fAJca in Fotni traicA ( 1912 - 14 ) 

\ boft account will now be p en of plague outbreaks eight of fha* 
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occurred from 1942 to 1944 m the Union of South Africa and in which anti- 
plague inoculation with live vaccine was earned out 

1 Stqffberg outbreak {Hetlbron district. Orange Free State) 

Distnct Surgeon Dr P Vivier’s report After two cases of bubonic 
plague in the beginning of March, 1942, 400 persons in this farming distnct 
were immunized, including seven contacts Only very shght local reaction, 
redness and pain at the site of injection, was observed No further case of 
plague was reported following vaccination 

2 Rouxvtlle outbreak {Orange Free State) 

Distnct Surgeon Dr W Jordaan’s report In March, 1942, followmg 
two bactenologically confirmed cases of plag[ue, one bubomc and one pneumomc, 
eighty-eight persons, Europeans and Natives, were immunized with live vaccine 
No further case was observed after inoculation The two onginal cases were 
treated vuth anti-plague serum The bubonic case recovered but the pneumonic 
case died 

3 Deben outbreak {Kuruman district, Cape Province) 

Distnct Surgeon Dr G E van de Merwe’s report, October, 1942 
Immunization of 50 persons on farms was earned out after four cases of pneu- 
monic plague had occurred, all of which were fatal No cases were observed 
among immunized persons Vaccinal reactions were hrmted to lassitude on 
the day of injection 
1 

4 Odendaalsnist bubonic plague outbreak {Hoopstad distnct. Orange Free State) 

Within the days following the 13th January, 1943, three cases of bubomc 
plague were reported on the farm Middeldam Of these two were fatal Five 
hundred persons were then vaccinated with live plague vaccine One bubomc 
case was observed after immunization with the onset of symptoms occurnng 
3 days (21 1 43) after vaccmation, followed by recovery 

5 Steynsnist bubonic plague outbreak {Orange Free State) 

Distnct Surgeon Dr Liebenberg’s report Plague broke out between 
the 8th and 13th January, 1943, about 8 mdes from Steynsnist Two cases of 
bubonic plague were identified One case died, showing an imusual bubo 
localization mer the angle of the jaw, the other case recovered Neither of 
these persons had received vaccine Fifty-seven persons, adults and children, 
were immunized with live plague vaccine No further case of plague ivas 
reported following immunization 

6 Viljoenskroon bubonic plague outbreak {Orange Free State) 

District Surgeon Dr Goldberg’s report The following bubonic outbreak 
occurred in a part of the distnct where two pneumomc outbreaks took place m 


IM H^atB IMTTlWt. « L1\T TACCI F 

1941tirtf«Tcdtoeariieronintlu»p«pcf On 11^43 Dr GounaoruajJ 
to tee the fint cue of bubonic pligue, i Nitive boy tjed 7 yean. Tbe dU 
had a bobo in tbe groin ahbough he atirted cotnplacmnj of the »wd*j 
and the p«in only the day before exuninanon, be vea already m a my octd 
condition opirtbotoaui and dchrium were present. TTk child wia inaneduidf 
glim 50 C.C. of anti-pltguc aerum mtramuacuUriy bot died 4 boon kta. 

On tbe receipt of Irre plague rtmne the foDowiog day 1_JL43 Dc. 
GoLPBDto inoculated all contacta on the farm numbering eighteen Natimnl 
four Eoropeana. A fortber bubonic case waa obaerred on the 16.2.43, do 
a child from the hut adyoiiuiig that where the firet caae occurred. The (nl. 
aged 8 bad been Ticcoatcd 12^43 i.a 4 daya before A kh fcmcnl bale 
waa preaenc at an early atage. Te mpera ture was 99 2* F., tod IrtUe pna m 
eipericnced by the patient. She was giTcn 50 c,c. and-pltgoe scrum bKo- 
moacutarly 18.^43 the chdiTa temperature waa normal tod (be bob* 
waa cootiderably amaller and leas painful. Patient waa found rtmmof ibM. 

In Dr GouiBfato a opuuon (he haa bad much etpenence m plague awt) 
lire anmlent immamaatum accounted for the mildocta and speedy rreoToy 
of that case Thta contrasci with the rapid and se v er e form of mfectioo n (be 
ftrat unvacQ gated child who died 24 boora after commencement of the tabs. 
Both children were of tbe tame age and infection moat dcely tmae &os tk 
aune source ia both casea. Another uiterestuf point la ^Iso to be noted IV 
absence of further cases after vacentaaon in spue of the fact menDoaedis tbe 
Rodent Inspector's r epo r t, that tbe stora bouse, dwelhng bouse sod Nabrt 
huta which were derermmued, were infeated with plafue<armng flea, 

7 Ci^urre^ bmboMu: fiiagtu onthrtMk {St Marit t dxrtnct C*p* Pncaa)- 

Daring the last days of Januarr 1944 and the firat half of Fefanar) 
SIX plagQc cases , all bubonic, occurred in this NsUre district. Folloalitg tho, 
300 persons adolts and chfldrai, in the area where plague occurred, 
nmnunixed with hre plague vaccue on 19J2.43 Only nuld resctwtti aew 
obaerred in these persons, indudmg babies under 2 years who rtcmtd 
OS cc. Tsedne No farther cases from this district were reported after 
iDOCulation during the foDowuig 9 montha. 

8. GUm Grty Sshme pUgt {Lmdy Frtre Atrut Nataf) 

From 2Sth Dece m ber 1943 and during the month of January 1W4 aoc 
cases of bubonic tad *cpticaem»c plague were obs er v ed m the Lanti 
locauoa of Glen Grey diatnet with foor deaths reapecrirely on 31 U.43 
17 1 44 21 1 44 and 23 1 44 Anti-plaguc iminuniiatjon waa started « 

4.2.44 begmmng with twenty contacts. One of the latter developed a hobo 
donng the foflowmg week. In aplte of immediate serum treatment, the 

died on 13J2L44 9 dap after immuniiatwn. Subaequeody Naore* 
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in the location were immunized, after which no further plague case developed 
in the location 

ROODEPOORT PLAGUE FATALITY AND PROPHYLACTIC PLAGUE 
IMMUNIZATION ON THE RAND 

Smce the severe plague outbreak, in Johannesburg in 1904 dunng which 
a total of 113 cases wth eighty-tivo deaths occurred, only one isolated sporadic 
bubonic case of plague (m 1927) has been observed on the Rand during the 
last 40 years The very effective anti-plague organization of the Union Public 
Health Department associated with that of the various Rand municipahties must 
be credited for the control of plague in this large muiing and industrial agglo- 
meration , the total population is 1,000,000 persons, of whom about half are 
Europeans, the other half being made up of Natives, Eurafncans and Asiatics 
Permanently enforced measures include rodent destruction (trapping, 
gassing) by plague gangs in the vanous municipalities under a Central Rodent 
Inspector Daily examination of rats and veld rodents caught or found dead 
in the vanous areas of the Rand, is earned out , the specimens are sent to the 
Plague Department of the South Afncan Institute for Medical Research for 
the detection of eventual plague earners 

From the middle of July, 1943, manifestations of a plague epizootic 
appeared evident on the Rand After isolation of S pestts from three gerbils 
onginatmg from Zuurbekom, other plague-mfected gerbils and rats were caught 
in vanous parts of the Rand, at Alberton, Germiston, Paulstruisfontem and the 
City Deep mine Some plague-mfected rats were actually caught m several 
parts of the Johannesburg municipal area From 18 7 45 to 2 9 43 plague 
earner rodents (gerbils and rats) were obtained from twelve different places 
on the Rand — over a distance of 40 miles 

After consultation with the Public Health authonties of nine Rand mumci- 
palities, It was decided that all medical staff, semor and jumor, as well as rodent 
inspectors, European and Native staffs of rodent gangs and all persons connected 
Mith anti-plague control, should be subimtted to anti-plague immunization 
mth live anrulcnt Y’accine A total of 120 Europeans, plus Natives of Y'anous 
public health organizations, were inoculated in August and September, 1943 
On 29th August, 1943, a postmortem was performed by Dr Spiro, 
Roodepoort Distnct Surgeon, on a Native who had died, at the age of 55 years, 
8 miles soutli of Roodepoort and 21 miles from Johannesburg This Native 
complained of feeling out of sorts 3 days prior to his death. He complamed 
of a headache, tightness in the chest, very slight cough with no sputum He 
was not confined to bed and nois not seen by a doctor before his death on 
2Sth August Postmortem findings confirmed bj direct smears, microscopical 
sections, bacteriological and biological tests earned out at this Institute, revealed 
plague of the septicacmic tj pe Virulent strain of S pestts was reco\ ered from 
postmortem matcnal 
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Conndmru the dini qU aepticaemK form oirtervcd m tHi cshibcq 
case In the pnnjnnty of i gotd-miniDg centre, it wts dcdded to pro ct e j 
the imm u nin tiOD of all Natire and Europan popiilatjona m the tnwi l i " 
T»cinity of tins luspcct area. From 30£ 43 to 2.9 43 130 Earopeaoi a rf 
as 300 Natires were igmmmscd. For measures of lafcty Taccmiioo wt» da 
extended to the Natrre labour complanent of the noghbounctf South 
poort Mam Reef gold mine. On 5th September 1^ I 007 Natire wedm 
from the abore mroe wire Taccinatcd. Natire rcc o re d 1 cc ■r mj l u t 

pbgue ra ccin e. AnaljKs of the mild type of raccinil reaction ob se r re d fa do 
senes hare been discussed earGer in the paper No further cases were rtporW 
in this area. 

Extcnaire anti plague measures — dmttizatlon In suspect urban arta aJ 
gaasinf of rodenta in open peri-urban aiexa of reJd were remforced so tk 
whole Rand. During year l&t3 a total of 1 1 7S4 rodents were a ut i omH 
for eiam l n at ion to the Sooth African Institute for Metfictl Rcsesith. S, feta 
was found m twenty-one of 774 from ranoos parts of the Umon fire of ll/rt 
from the Johannesburg momapality Of nxty three groups of fleas snbmitfei 
p oatt i re results were obtained from acren. 

These energetic measures rcsohed In s mass deatructioo of rtU rodecn 
and rat popufartioas in aerenl areas, and were followed by the dwappeartnet <f 
plague epixodde on (he Rand. Smee October 1943 do more plsgue-carrytsf 
rodents hare bean traced tn the daily esaminauons ai this Institute of rodao 
sent from this area. 

orAifflOLAKD puujcr ocmtiiAa (•doth vnrr muci) akd ptatroi ccctraot r» 
THU TEWuroar it ueahs or AUitriJixr racccancw 

The following data regarding a plague outbreak in territory ia IW3, 
js fkiTi from InformatMQ kindly suppl ed by the Chtw Midical Omo*. 
South-West Afirca, and the nuEtary auihonties of the South West AWo 
Command, who sutbonxed tbcir pabfacatKKi. 

An outbreak of bubomc pb^e was 6rst reported on 1 1 1 43 b ^ma 
Ukuanyama and the eastern district of Ukuambi in OramhoJaDd. 
fiTT ginshng from Tcld rodents has b ee n nwlemic in this temtory dunaf ^ 
past 12 yesra. During the foDowmg su wetka, p to 20th February IMJ 
thirty three cases of bubomc ptsgoe. with dcren deaths, were reported A*l>- 
plague i m miinintfa wi of the Nstire population of the infected districls 
offanixed by the South-West Afnca PubCc Health authorities and the w* 
mihtary authonucs made arrangements in the Union for anU-^bjo* 
immiimiation of sll Umon Defence Force Nsure persoond proceeding » 
Oramboland, prior to thar departure from the Union. _ 

No forthcr bubonic cases were obserred among the noo-inunaniwd 
latwn until early April, when three teal cases of pncumocuc pbgoe 
in Ondangus area. Seven other pnemiwcuc cases were reported o 
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iy4d, no case nf , ^iWO and 2 000 ii ^>'^‘*0 with heafpri , 

infectmr, f . ^ had been ^ millions) Un 1 ^“md vaccine 
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^-ft-W« Ar„cat„;r=lr 

Among the former 

^mer were 385 


HAozz ctrmwc. »t un vaccixi 


no 

Nttrre pk^c conticts tenEuropetnpkguecontKtiwertiunUiriylmuaci 
ind 1,5^ Nitivea >bo receircd kOkd phgu« T»cdne. Among thm h wttt^ 

fnntp* only one cwofbtibomcpltgne not fjt»I,wiiob»crTcd. Dunnj ti»e nae 

period, eevcnty-eight cues of phgae, Mtirnty-tercn bnbotucuKlcmeicptKseajt. 
with eight deaths were recorded among the non-lirununlaed 
Natl c popxilation. These epidemiological results In a temtory where phpc 
has an endemic character are a giwQjying result of the use of proptjbOK 
immmiizatioo and of the effiaent co-opcntion m the control of fJ^se 

by aniian and mibtary health authonnea of the temtory 


PBomruumc flaoci mutmunoN ix rat dwion Dcrrsd fokl 
In addition to the abcre case the Union military authorities hart *wd 
oMTulent plague vscdnc for the immuniaarion of certam Eoropcin and Nstm 
units either stationed m the Union or belonging to expeditionary forees e cg n td 
m srar operations in plagoe infected tones, such as hladigucar Althu^ 
mlEtary secarrtT reasons do not penmt the disckwure, at preaent, cf rekna 
dctaOs It may be stated that over 5000 U D F perionnel were irnmn nu til 
with anrulent plague raceme snthool any untoward Hini eal reacticos or other 
reactiona affecting their hghung capaaty and that no case of pfague vw 
obserred among the troops to immurme^ 


DneufSio's 

The analyns of fourteen plague outbreaks which occurred in Southen 
Africa daring the period 1941 to September 1944 when arindat pkgas 
raceme was used, arid the prophylactic utc of thus ramne amoeg theArmynd 
oriEan population, rcreal the foUowing facts — 

1 The harmlessnesi of the method as shown by the ibsenct cf my 
untoward re ac tions m a total of o r er 40000 p er son a immoniied with a nagW 
standard injectiocL. 

2 . The my nuld type of racctna] reactions obserred m the ririoui secoom 
of the imroumaed populsDon. Europein, NstiTc and Eura/ncan, both adults 
and children, inchidcng btblea under 2 years of age, 

3 The rapid development and high degree of specific inti plague ptot« 

non foUowrng mmumration against the mam cpedenuologtcal and ctcool 
for m a of the bubonic, septicaemic and poeutoocuc protection ■ 

manifcat ta soon as the Sth day after moculation. This U shown by the snaaB 
number of plague cases among inununued p ersona ertn among rery ck« 
contacts of poeumomc cases, Aa an example, we may ate a ease quoted by 
Dr CLiaa (1943) of a Natrre woman who attended four fatal cases of pneuo** 
plague m her household, Berdca anrulent plague raceme she aho 

100 ec. anU ptigoe serum propbyfactically In spite of thn dose and rtpeittd 
infective contact she did not develop the d isease. 

4 \ aednation was foOowed In an cases by the terminatioQ of the outbreu. 
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bubonic or pneumonic, m a maximum period of 10 days after the beginning 
of inoculation 

5 Of a total of over 24,000 immunized persons with avirulent vaccine 
during these fourteen outbreaks of which we have definite records, only 
fifteen cases of plague have been observed These include seven pneumonic 
cases ivith five deaths and tivo recovenes, seven bubonic cases with two deaths 
and one septicaemic case who recovered 

6 Epidemiological and chmcal particulars of these three categones of 
cases regarding the relative lapse of time between immunization and infective 
contact, and of onset of symptoms and death are given in the followmg table — 




1 

1 


Days 

Case 


Clinical 

1 


of illness 

lum- 

Sex and 

form of 

Time of contact with 

Time of onset of plague 

stated if 

ber 

age 

infection 

plague case 

symptoms 

followed by 






death 

I 

Name, 

Pneumonic 

3 days after immunization 

6 days after immunization 

Recoi ered 


F, 70 





II 

Native, 

> 

3 „ , 

^ W W « 

2 dal’s 


M, 30 





III 

Name, 


2 , before „ 

« »» » 

2 „ 


M, 36 





rv 

Native 

n 

? 

Within 8 days after immun- 

2 ., 





ization 


V 

n 

. 


Within 8 days after immun- 

2 ,, 





ization 


VI 

” 

1. 

> 

Within 8 days after immun- 

2 „ 

VII 




ization 


n 

I( 

? 

6 days ctfter immunization 

Recovered 

VIII 

« 

Bubonic 

Same day or day after im- 

3 rr « t 





raunization 

! 


IX 

Name, 


? 




M., 






adult 





X 

Native, 
M, 11 


2-4 days after immunization 

j I>unng week after mtimun- 
1 ization 

2 days 

XI 

Native, 

n 

Contact at least on day of 

2 days after immunization 

3 „ 


F 10 


immunization 

1 


XII 

Native, 

adult 

w 

2-4 days t^ter immunization 

1 Within 8 days after immun- 
! ization 

j Within 8 days after immun- 
ization 

, 8 days after immunization 

1 

' Recovered 

XIII 

Native, 

adult 


2-4 

« »» „ 

! ** 

XIV 

Native, 

child 

Septi- 

cacmic 

” » vt 

1 

XV 

Native 

Bubonic (Ovamboland) — dates not obtainable 

1 


As shown in the above table, of the six bubonic cases (Cases VIII to XIII) ' 
observed among immunized communities, four (Cases IX, X, XII and 
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\III) dertlopcd tymptom* within the 8 d*y» foQowinj inocofati«. {U 
three of them, the »ctml d*y coold not be a >certmed ) Of tbe*e Cot 
one, Ct*e X, died. In this cue infectm contict took pUce 2 to 4 <^171 ifB 
mununmtion in the eecood f*t*l cue Cue XI infcctiTe coniJct proh*lj 
took pUce on the diy of imtTm r »«afnm 

In the only ecptictemK cue unmunaied, XIV contut occamil a 
the 4th diy iftcr tmmumntion, 1 d*y it the eshot before j vn Mii:ii^ 
u expected to be denrtd from unmiuunticm. In tpitc of iu >eveTt fWwl 
form, thh cue treated with nilphepyridmc M & B re co rere d . 

In Cues I ind II of the seven pneumooic cues (Cuu I toYII) « Tr »in | ik 
immunned communities, mfectiTc personal contact tooh place on the 3rd dij 4^ 
immuntzstKro foQcmedmbodicssesbytheonsetaf pDcumomc tjmptoim dip 
later on the 5th day after vaccination. Of these two cues, Case I, bacteth- 
logically confirrocd, recovered and the other died on the 2nd diy of nboa. U 
the third pnemnomc case of the aamc outbreak (Case III) penoml cocptsel 
took place 2 days before inoculation. Onset of poeomomc symptmu appored 
only 10 dayi after the latter bringing the mcnbabcm pcnod up to 12 dip. 
At stated earher t u reasonable to infer (hat the giving of 500 c.c lotr-pfape 
serum u a propbylsccic measure bad die etfect of prolonging the incobaM 
pcnod 

In the other four pneustonic caaet (Basutoland outbreak, 1943) the ooset 
of symptonH occurred ro each cbm wnhm the 8 days following irmnnnmtion. 
It a regrett a ble that no exaa dates could be octTtAined. Of theae cnts, three 
(bed 2 days after the onset of the disease while one f e co iere d whhoui trestBCit 
Ahhough rw bacteriological ccofinnatian wu possible, according to Dr Dm, 
Director of Medical Serrures Basutoland wiv personally attended the eases, 
epidemiological and doucal evidence left httle doubt tboot the poeomaoc 
plague nature of the case. While on the subject, we recall a third cue of 
recorery from paeumoruc plague obaerved m South Africa, also foOoam 
avimlent plague immunixatiott. TTus case was the first recomy to be reported 
and wu obserrcd by Dr Gals and referred to by na in an earber pobbcstm 
(GiAtKET 1942). This eaae wu the last of a senes of thiity-seren pnemnoeie 
plague fxf* in an oudiresk m IWl tn the Mofokwen Reserve In the Kalahin- 
Whilc trx other cases who had been immunized from 1 to 5 d*ys s^Irr contact 
with pneumonjc case* sll died, in this case winch recovered Ti cqn attoc w» 
done 6 to 6 days infecdve contact with paieujnonic cases. Acconfinf to 

Dr Gaa* (1941), she wu s girl of 17 who had nursed her stepmother who 
with chtractenstic symptoms of pneumonic pisgue and wu clearly linked v™ 
other pnenmomc Slw had received 1 c-c. bre avirulent rac^ 

5 to 6 dayi before mfectrre contact. Onaet of symptoms appeared 4 dsys ^ 
the I tfT rr She showed atunlar cOnical wgns to the other cases who died. 
cough wu light but definite on the 4th day there was creprtzUOQ tt the 

of the left hmg but no consohdanon. Sputum wu scanty so that It 
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impossible to obtain enough for bactenological confinnation of the diagnosis, 
which on epidemiological and clinical grounds could not be doubted The girl 
was ill, stuporous and toxic She was fully expected to die as the others had done 
For that reason plague serum was not given until the 4th day, on the morning 
of which she seemed to rally a little She was given then 200 c c of anti-plague 
serum. She was distinctly better by evemng and eventually after a fortmght 
of fever, malaise, etc , she recovered completely Dr Gale, who attended the 
case personally, is of the opmion that this case of recovery was due to preventive 
active immunity derived from vaccination which apparently earned the patient 
through the cnsis for she was definitely better before she received anti-plague 


serum 


Finally, on reviewing the fourteen plague outbreaks referred to above, it 
will be seen that no further case of plague, bubonic, pneumonic or septicaemic 
has been recorded among immunized persons after the 10th day follovung the 
institution of immunization Epidemiological analysis of this field immunization 
against plague must be considered in the light of the local conditions and circum- 
stances in which It Avas applied In all cases avirulent plague vaccmation was 
offered to the whole of the population at risk, European and Native, and was 
usually accepted by the majority of the population concerned Close and 
intimate contacts were immunized practically without exception No actual 
non-immunized “ control ” was therefore available 

Information supplied by the Medical and Public Health authonties 
charge of the respective outbreaks for the period pnor to immunization 
us, however, with valuable data regarding the epidemiological character and h^ 
evolution of the outbreaks, average period of incubation, clinical forms f h 
infection, relative seventy of the cases and the death-rate among non 
population These epidemiological and clinical data, together with 1 , 
investigations, t e , bactenological and virulence tests of mfert a 
obtained m most of the outbreaks, give a general picture of the en 3 
conditions in which immunization was introduced and also || 
interpretation of the changes which were observed subseoupnt ^ cntical 

0 'nimunization 

Summary and Conclusions 


A renev of the anti-plague immunization wnth five avi i 
Southern Afnca, including fourteen plague outbreaks, from 194 ] '^ccine in 
epidemiological and immunological analysis, leads to the followm with 

1 The harmlessness of the method, as evidenced ~ 

untoward reactions in over 40,000 doses used m preventue ^ ™ absence of 
of European and Native populations during the period "’''^unization 

2 The \eiy^ nuld tjpe of \accinal reaction obsened m 
the A-accinated communities, awhans (adults of both sexe, 

people) as well as mining and mihtarj' orgamzations j ’ '■™ldren and old 
reaction was limited to 4 2 per cent and moderate gene local 

per cent reaction to 3 7 


n. on cr«Ti«*. »T u -X \ ^caxi 
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3 The npid dertlopmcnt ud degree of tpcafic pi ote cu cio foOcwci 
rmrmintnoarL Thjt n ahem bj the Emitrd nomfm of pdagin me*, i mq| 
of fifteen coe* with aerm death*, obaored among over 24 000 pm«u 

ixed during mne bubonic and aepticaeouc, three poeumonic, and two 
bubofnc pneumonic and aeptKaemte opt b reaha. 

4 EptdemJc4og>ca] and immunological tnalym of retpeenre ciaet, ai 
bubonic, one acpticaeirac and aertn pneumonic la gieen, taiung mto tcetrat 
time relitumtbjp between date of inunonizatton, mfectirc contact, otart tl 
dtaeaae and erentua] death or rcctn%ry 

5 Protection d en red from imroiuuxanon begins to be cffectiTe from ik 
5th day after mocubtion, reaching full benefit towards the 10th da^ after races- 
latwn. The latter date haa in crery msunce marked the termnutwa ef tk 
outbreak, bubonic or pneumcmic. The few caaca of plague obaerred from ikc 
5th to 10th days after uamamzstKtn usually ran a leas aerere course, wtk 
reduced mortality These Indode three caaca of recoirry from ppc ni Bc m : 
plague who dcreloped the mfection at thh cnbcal phase one bactenolofcaCj 
and bioIogKaOy ct^rmed and two further dose pneumonic contacts wnliHt 
laboratory confirraatiOD for nfuch. howerer there wa# full epidenuoiogical tad 
cfirtical cMdeticc. 

6 Single hre anruJent plague inoculation (1,000 nuJEon organhoa) v>tk 
unta] and phgue measarca, reafizc* a aafe, eamlr applicable weD accepted ni 
efEdent man plagoe control method, in the epidenuolcgical fidd cooifitinia 
exhtlBg m South AfrKS. 
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TRANSMISSION OF DENGUE FEVER BY AEDES {STEGOMYIA) 
SCUTELLARIS WALK IN NEW GUINEA 

BY 

I M IVIACKERRAS, ai b , ch m , b sc , Lieut -Colonel, A A. M C , Australia 


1 Introduction 

The nter of this paper is to be considered its author only in so far as he 
planned and arranged the experiments and collated their results Most of the 
actual work was earned out by the several, widely separated groups of workers 
whose names appear m the appropriate sections of the text Each submitted a 
report on his phase of the work, and the writer was instructed to present the 
results m a smgle, coherent statement 

Tlie problem with nhich iie were faced was this Classical urban dengue, 
transmitted presumably by the ubiquitous Aedes negypti, ivas well knouTi and 
not infrequent in the settled parts of the Northern Temtory, North Queens- 
land and Thursday Island, and at Port Moresby m Papua It presented no speaal 
difficulties A similar disease, however appeared sometimes sporadically, often 
as an epidemic, in various uncivilized parts of New Guinea remote from any 
known infestation with Aedes aegyptt At first the diagnosis was m doubt, some 
regardmg it as dengue and others as malana, while still others labelled it as 
sandfly feier, although no speaes of Phlebotomus which feed on human blood 
are knoivn from the region The differentiation from malana was particularly 
difficult, as malana was ragmg at that time men were taking suppressive 
quinine, and sub-climcal trophozoite waves weie frequent, no doubt often 
coinadmg vnth the dengue-like attack The occurrence 'of fever with parasites 
in the blood, would lead to one inevitable conclusion 

These cases, however, did not respond to quinine, and, although the clinical 
picture vaned considerably, as in all dengue outbreaks, the charactenstic head- 
ache and suffusion of the face and eyes were almost always present, and one 
could always find some patients with typical saddle back fever, or rash, or both 

• In addition to those who collaborated in the Lae experiment, and whose names are 
mentioned m Ae text, I would thank Lieut -Colonel R R Andrew, Major M J 
h^CKER^s. md Captain G A J Pasfield, for their help m the earlier experiments, while 
Captain F \V Berrill’s biological studies have been freely drawn on To Actmg Pro- 
fw^r E A miGGS we are mdebted for the facilities made available in the Department 
ot Zoology, University of Sydney Special appreciation is due, too, to the twenty-six 
volumecra who ccLoperated so wilhngly m these experiments ' 

rinaUy, oim thanks are due to the Director-General of Medical Services, Major- 
General S R Burston, for permission to pubhsh 
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Tw M lo. or erxtu 


The opinion that the dl«aMe w« dengue ferer dtmnurtrd by kcoc bhiem 
anknown vector becanie generally accepted. 

There otrtcmtkok mtroduc^ a inth panDcCmi beracen denjoc al 
yeUow ferrr but it n not *ugge«ed that b gDC< b e yond the fact tbar ntba 
and ‘'jungle forms ran occur In both doMaca. There u rw uiggesooD u jn 
of any animal rescTToir for jungle dengue fever indeed, the eridenct. abet 
there Is any (e ^ at MHiie Bay), favour* the view that the mfccnoo w« btoog U 
fat by the troops themselves from endemic area on the maintaDd. and dm k 
simply found uncxpecretfly favourable condinotu for propagatiocL It ni 
oimoosly desirable to drscoter the vector and assess the po«*ibrEties of tti 
coatrol 


2. PacLZMixAav Omavanoott. 

The knonn rector* at that srere nto — 

Atda (J/egomyxa) «egyp/i Lmn — Incriminated by Bo.raon (1906) In 
Queensland prmed by CLCLAsm Boadut and hfcDosAU (1916, 1911] 
m AtmraUa by Snra, Hsul and HrraiWB (1926) in the PblUppnet, 
and other*. 

Adder (S/egompa) diboptcius Sk — Incnminatcd by Kostl-mi, ^muxem 
and Towomrao (191") In Fonnosa proved by Ssmmovd* St Jobs sod 
Rtrvouw (1930) m the Phdipprae* and by S.njt)Ois Drs'cn and 
ScsOmxst (1931) m Sumatra. 

Ctdtx f I gtni ^led. (* C ^ytn^ueftKixiut tuo.) was beGered to be a 
sector by CaAUUt (1903), but it u now kaoim that tnxtinutnoc by thl* tpeas> 
if It ever o con i ts only mechanKal (cf Sdoidk* St Joret and Rrr»»tD% 1931) 
kocnjifl e/ a/ (1917) also nated that drmige e» oi/urliaB Walk. 
obturbxns Walk.) transmitted deogtJe. bur on eridcoce of distiociiy doobtf*! 
validicy 

Tbc caihcT oh*a-rationj id New Cumea were made by ibe w rit er b cot 
lying part* of the Moreshv dlstiicL. ahere mfeoians were occurring, bot » 
whkh A had apparently r>ot extended and at Mlbie Bay where bo 

A xegypit coold be found anvwhere The one abundant »peae* whkh was a 
pest In both area was Ardrt ('tedr ) funereus ar omxhis Tbeo., but Mtnsaiad 
(\fgmoTno*de%}im formi Tbeo Arde^ (Ochilfrotalus) nffU Skusc. and 
(Afdf ) amihs Tbeo were also comnKm hi the Moresby area. Aides (^wy®" 
WIT**) sculelUru Walk., »■ not uncommon at MUne Bay but too rare at 
Moraby for e xpcrl mcofal trial and -Irm ^rrrr pp present m moderate B**- 
ber* at hfllne were absent at Moresby 

Two expenmenti were rarried out In the 6nt adults of A /tmerrso nr 
omjjftts A nmiJij A vigilar and \l umformu acre coUectfd In the fieW at 
Port Moretby fed on cases eUagnosed a dengue fever flosm to Sydney 
there ra r hot room, and fed after nMerral of 10 to 20 days on clean TtJontrers 
The second expenment sras similar except that A ftmerrus var otwatw ak** 
was used In no butance did the mosquitoes transmit dengue. 
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The acquisition of Lae and Finschhafen, and the development of these 
areas as bases, was accompanied hy considerable outbreaks of dengue fever, 
which extended also up the Ramu valley A suney by Capt F W Bekrixj;. 
(unpubhshed report) showed that A sciitellans was the most abundant bmng 
culicme, that its local distnbution comcided with that of dengue fever, and that 
Its density was roughly proportional to the number of cases of dengue occurring 
m any particular area Other pest species, which could not be excluded on 
epidemiological grounds, were Armtgeres breinh Taylor, Arnvgeres milnensis 
Lee, and possibly in certain hmited areas Aedes (Ftnlava) kocht Don It was 
therefore decided to carry out an experiment with such of these species as could 
be obtained in sufficient numbers At the first attempt, Captam Berioll suc- 
cessfully fed the mosqmtoes and held them for the extrmsic mcubation penod, 
but air transport to the mainland failed at the critical time The second experi- 
ment IS descnhed m the next section 

3 The Lae Experiment 

a Selection of Donors (Lieut -Col Bruce Hall) 

Seventeen donors m all were used, eight for A sciitellans, six for the species 
of Armigeres, and fiie (mcludmg two also used for A scutellans) for Aedes 
aiinmargo and Tnpteroides spp All were seen by two medical officers, who 
had to agree on the diagnosis of early dengue fever before a man was used for 
experiment All but one were used withm 48 hours of onset, and most ivithin 
36 hours The exception, a man used to feed ATtnigeres sp , w'as in the 3rd 
day of the disease This man and one other also used for Armigeres, had a 
remission of temperature when the mosquitoes wxre fed, otherwise all were 
febnle at the time they were employed 

Chmcally, all were typical cases of dengue fever as it was seen m the 
epidemic then m progress, and in all the diagnosis was confirmed by the course 
of the disease subsequent to feedmg the mosquitoes The onset was sudden, 
and the condition was characterized by fever (saddle-hack m nme), malaise, 
aches and pains, headache post-orbital pain, suffusion of the eyes, palpable 
lymph glands, palatal resides in some, a just palpable spleen m one, and a 
dengue-type rash m the majonty No malaria parasites were found in any of 
these patients, and all recovered promptly and completely without specific 
Treatment Cases with sore thihat cough, or diarrhoea were excluded 

It IS to be noted that the men used to feed the different species of mosquitoes 
weie selected at random, and that there was no marked Hmical difference 
hetw een any of the groups Examination of the charts suggests how ever, that 
the Armigeres group was on the whole milder than the others, and it also 
included the two exceptional cases mentioned ahore Examples of the charts 
are shown in Figs 1 and 2 




nci^rr} ^7ct«r 

FfO. I — Cbttft at S%. S UMd to faifrct A 
Flo 2.— Chut td Dtt IC, URd to feJ«ct Arm^iiii ipp. 


b Couxmo'f Fnoox axd TaAStKMcr or Moiomtia 
(M«jot D O Arnarrox). 

At A fculelUns iru tbe tpmes mott unjjer na|naao, oiau lOoitioQ n 
psUd to It. Lutm vere coHected fai the ficU, axid br^ out b tbc libontnj 9 
foirn the bulk o£ the adula u*ed bur wild aduJu wrre alio coUccted bj to^ 
them u they cune to bte and tmufemug than to the nock ca^ Otbo 
ipedes nere all coUeaed as adoht. Accunte dnennlnitHiu *m m attesfeed 
It this mge. is it wts desired to redoes biodlxiig nd possible to tb 

bsects to a mliumum. On the basis o( hind4em idadhatloc m the oto 
species coQected vere dlrldcd into four ames — 

Aidej scatelUns Amngerej sp. 2. 

Armigern ip. 1 Tnpirrmdn ipp. ind Aedet mrtmMTgo 

The stock cages were cubes, with wue fnines. ^uze sides, md ■ ilere 
at cue end To ensure chit i high homldiry was miimuncd during itccap 
(ind tnmpon, the floor of tbe cage was co%cred bj a pad of cotton wool boo 
m place by a firmly strtcbed false bottom of gaurr This psd wtwld iboA 
2 to 3 fl. or. of water dally and maintain td a sarisfactory humidity Raabsso* 
kept b all cages as food for the mosquitoes. During uonge snd trmspott d* 
cages were ke^ b a plywood mnrahirT diTidcd mto a senes of pijctaibelE*. 
the whole being wiapprf m a blanixt for addiponal pr otec ii oo. ^ c*?'* 
used, ooc for bred A tcvUlUru two for mired bred and fidd-coUeOed A stw 
Uru and one each for the other three scries About 75 to 100 mosquitoes 
kept fa each cage. 

For feedtag. the mosquitoes srere carried from tbe Ubontory to the 
b their plywood case The hand and arm of the pauent was bwrted thfWJ*' 
the sleeve and the side of tbc oge towards th light wa kept cotcitd by* 
towei Most fcedbgs were dooe between Ham and noon, bit some b‘-^ 
and 8 at night Vo special stimuli were used, and all spcao W 



I V MACKBRBAS 


299 


readily during the day, A scutellans and rhe larger Armigeres being the most 
vigorous biters 

All species were given at least one opportumty to feed on each of three 
successive days, a diflerent donor being used each tune to increase the chances 
of infecuon Cages A and B (A scutellans) and D (Aimgeres) were fed three 
, tunes, and the remainder five tunes (three morning two evenmg) As it was 
considered desirable to disturb the mosquitoes as httle as possible, no accurate 
counts were made, but it appeared that almost all the mosqmtoes (except 
possibly m the A aiinmargo cage) fed at least once, and most of them twice 

Feedmgs were completed on the evenmg of 23rd Fehniary, 1944 On the 
mommg of 24th February, the case of cages was florni over the range to Port 
Moresby, durauon of flight 2 hours, altitude 10,000 feet, temperature mside 
aircraft down to about 55° F On 25th February, tbe cages were flown on to 
Bnsbane, durauon 9 hours (includmg two stops), altitude to 8,000 ^eet, tem- 
perature down to about 65° F for about 3 hours though not so low diinng 
the remainder of the flight On 26th February the flight to Sydney was com- 
pleted and the cages dehvered to the Umversity, duration 3^ hours, altitude 
up to 3 700 ft , temperature not below 70° F 

The methods employed seem to have been satisfactory for the mortality 
up to the nme of delivery was not more than about 5 per cent 

c Maintenance anu Feeding at Sidnev, Neiv South Wales 
(Major A R Woodhill, Mr D J Lee) 

Immediately on arrival, the mosquitoes were placed in the warm-room, 
where they were maintamed at a temperature of approxmiately 80° F and a 
relaUve humidity of about 80 per cent Next day, they were identified and 
sorted mto fresh cages 

The species received and the numbers present at the beginmng and end of 
the experiment are shoivn in Table I 


Table I 

mosquitoes received in svdnev 


Species 

Numbers 

1 

present 

% 

mortality 

At Ist March 

At 16th March 

Andes (Slegomyid) scutellans Walk 

130 

67 ! 

48 

Armigeres bremli Tayl 

19 

0 


Armigeres mdnerists Lee* 

26 

4 1 


Aides (Skusea) aunmargo Edw 

44 

18 1 

69 

Tnpteroides bmtacubpes Theo 

22 

3 

80 

Tnptermdes argentementns Theo 

34 

16 ! 

1 

63 


• •= Armigeres dbturbans var , Edwards, 1924 f ^At 12th March. 
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d FawxG AXD R£*ui.tk ^LwutXoL Lowiiiu Doc4 M»Jw P C Dafu»4 
Feeding co mm e nc ed on lit Much, uhen the roo^ultoa hot 
micelj 10 dav* old nnee e m c igen cc or coDeciKm In the fieM 

Ai ooly a L mired number of Tolunieen were i\illablc for Hifajj, cdj 
fim four ipeoc* were uaed. The men dm* » the labontoiy »o da 4i 
moequitoo were quite undonubed. except for injertlng the tnn of the win 
teer mio the cage each day and ihc daQy coUeciion of dod moaqulioa That 
were kept for checking, and the endre cootenu of the cage* nert fV-AM ( 
tbe end of the ex perm lent to terify (be idendty of aH moH^oicoes oied a lie 
rdimtceix. Tbe men were allocated tn groopt of three for each ipeoe* tsJ 
uacd In rotarkm, all mosquitoes bring gn cn an opportunity to feed nm in 
(Tabic ni It was expected that, with a mual 4P^our Intenal betaeta fcoli, 
Tuu a 



tbe number of bite* read ed would oen out as the experiment pTt5Sir*w^ 
scnially tbe fim to each group had an ad image whtch h oe\cr wt 

Fifteen Ttamgadalt maleiohmtcers wcTccinploy^ In thl 

age of tbe youngert bemg 18 Tcais and the olde»i J4 They ^ ^ ^ ^ 

recent ferer nor had they pceriouUT suffered from dengue An 

made to wiect oJunreer* wh had not li cd nonh of Newca«tk in omcr 
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obtain subjects ulio had not prei loiish bixu c\po^cd to risk tif dengue infection 
None of those chosen had lived nortli of Newcastle for long periods, or within 
2 months of the commencement of the cvpcnmcnt, though some had been 
m camp m areas around Newcastle for jKriods of a few iiiondis during a portion 
of their Army sen ice The volunteers were selected from a Convalescent Depot, 
their onginal admission to hospital having been for operations, such as appendi 
ccaomv or tonsillectom.) , or following mjuncs such as concussion or sprained 


ankle 

On general examination, when selecting the subjects jiarticular attention 
was paid to the condition of the skin conjunctivac, buccal and ph irvngcal 
mucous membranes, and to the presence of cnl irgcd hmph glands In each 
case, a determination of tlic blood group, in 1 aglc test, total and differential 
leucocyte counts, and an cxammarion of the urine for urohilmogcn were per- 
formed Foiirhourl) temperature records and daih examination for evidence 
of infection were commenced on the 5th dav of the experiment and continued 
m the case of the negatives for at least 13 d lys after the\ were last bitten 

The general plan of experiment was to observe each sidiject for the 
maximum known incubation period to check an) mfccuons that arose b) 
passage to clean volunteers, and ilicn to check the specificity of infections m 
reactors and the su«ceptibilitv' of non reactors In moeulatton of all experimental 
subjects warranting it Onlv one group reacted, that bitten by A ^cutcUam 
(Table III] 
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KNrEWMnsTS WITH Afda srutrlimt 
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1 Hav 
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2 Han 

3(5 

lt-2(> 

+ 

+ 
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3 Trem 

58 

8-23 

! -h 

1 
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Case 1 — R Hav 

First bites, 1st March , last, 10th March On 15th March, he was febrile (Fir 3 
p 303), and complained of frontal headache and lower thoracic backache His subsequent 
history was as follows — 

15 3 44 — A faint red macular rash was present on abdomen and chest A blotchy 
erythema involved the soft palate and posterior third of the hard palate The tonpuc 
was furred, vrith promment red papillae at its tip Small glands were palpable m both 
groins Pam w'as referred to the back of the nedt on flexion of the head 

16 3 44 In addition, he now had pains in the legs and feet, and a few rhonchi were 
heard at the base of the left lung 

17 3 44 SvTOptoms improved, signs as before , he now had suffused coniunctnae 

and the tip of the spleen was palpable ’ 


c 
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I8J 4-t — ^Th* r**h w*» oow more * Kt w ai Tt. izkd w« mn oa the the«, Mn 
b*dt, urm, foR^rntt. haodc, tfalfh* csd Jint bdm the kuM*. It ra tyx 
LOuuiteJ of ckaelT^ m, dull red loushtf omilu- In outline I to I fadt ■ 

Tbcrt WCTO KDW Kmller brUit red •pat» «hkli did oert tppmr to b* rtUMd Mibti 

ivd tMcaict. Tba p«late OlU chemed nt erTthcrm and tf^emd ahmet pvpBtc. th 

qdeeo wn paJpabk 

19 J 44.— The UckKiw wm Doir renn infctMC. 

20 J 44 — Badnch* wn now the cmljr mnptnm. Tba mh vu h nr 

■m*. aod bed £iid«d to mkttfh brown odIout Tbc wn dnoat dotthL TW 

«pU en Op «u pnlfnble. N ebndt could be f«h. 

1.3 44 — ^ onr fdt well, the akin and peixts were aormel, iplm M pIpJ^ 

Am* — Tliii ama h*d an in leiiuhtEOt u r ucni a for 3 moctha prkr to apenam^ 
and daemed an e oafaiorh i tt i whkfa decnaaed during the febrile ittfe cd bii 
mnaea. 

Oq 16th March bkKid wa tiLco from Kar tnd 5 ml «ai bjected 'ma 
Tcnourij mto Car who had doc prcxioirtly been lued for experhoou. F* 
daj* later (20ih March) Car compbrned of pam on nKning the cfe^ odW 
mffiued codjimcurae and illghdj tojected palate and phaij^ Ffc* ocw n- 
ilow and k wu '' day) Uter before he wa acutely fcbnle and had oton dtfrra 
tjmptomi tod a faint raah. Hh labKi^ueat hmory waa burly trptcal, baib 
failed to ihow a leucopenla. 

On 23rd March, blood from Car wmi Injected intraicnou^Ir b 5 reL Am 
into McL. and Fe. (noo-reactoo from Anmgrre l>rnnls\ and mt Hay (Ck 
I nde tuprt) and Han. (Caae 2, c«^r infra). Ha? and Han. rtonmed edl 
indjqtbg that they were bnmuoe. McL. had an acme anacL of trpial desyot 
4 dayi later with naddes oe«eT nddle^ad. frrer frontal hradad*. paj^ 
ere tnonmeoa, g me nl i red mu^olar parni auffuaed coDjimnltae iejecKd 
palate radt and lecKopada. Fe also a typioil though m3det amid d 
deogoe 4 dayi after rajectioa with cMie-phaw feier bot «rth rt'h, leoco 
pen^ and o^er ilgtts and rympronu weO derebped. 

To tummante. Hay deieloped an acuTe mfemon, Hinkaliy dengue 
wiudi was patted pcrially through two passages by blood inoculation, od to 
whtch he ivas blmsel! Immune after rccotenng f ro m the initial attach 


Cas* t— Hex 

Flrtc bite*. 3rd March lut I3tfa Mardi. On IStb Marth, be b«m>* Zl, b 
fe t al CFIf 3J, hexhidw and lower tfa nr woc b arfc a r be roflowed tboul 3 boar* Usr rr 
pafoa i the lanht, hb hfeforr fras that tone bain* — 

15J.44 — ^TT» codjuartim were auffuaed. tb* palaia rtabdr idppled witfa ttytheau 
■adtbarawn feint red macular *h eo the tiadt ai^ ibou ban. 

18J 44 — Tbe ara^tcanawerw *dn praaeot. he anpeared ntber drowtr toedttdawx 
and etanp l alB ed ot ptJm bi tba wtVka H wn tetoar cai prtmre mrr tbe eyta- _ 
17J3.44 — The pain* wet* lew marled, tfaeufh tbe b a c taiih a peniited md 
pkbwd ot al ttpb g pK>fly H wdl appeared dnrway wid tba poaterioc phafTTWtw * 
wn reddaoed 0 M tbe paiata. . . j_j., 

18J44 — R ceaupfeined rf sDflrt aere throat, and aftm had haadaeba and be®^ 
Tha rath wn oowrmt* luaifc a d on tba back frocn aacrm to napuiw tboUfh im<^ 
feint oe tbe cheat and abdomen. , ■ 

IPJ 44 — There wa* now aearr* frootal headaeba. Tha rtah »m ftnmian a, m ^ 
•mfi typa n Caae 1 and w«a ranat mtxkad on ba>ck, cheat, abdoman. amta, tba enm^ 
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2 Temperature and leucocyte charts of the subjects bitten b% Aides scutellans 


urfaces of the forearms, and the legs The conjunctivae were clear The tongue was 
oated with a white fur with red papillae at the tip The spleen was just palpable below 
re costal margin 

20 3 44 symptoms abated The rash was fading on the abdomen, but was 

ill prM^t on the back, arms and legs The posterior pharyngeal wall was clear The 
ige of the spleen could still be felt 

21 3 44 He felt well The rash had almost faded The spleen was not palpable 






TBOtsHit ttn or DutaiE 


SOI 


On I6cb March, 5 ml. of blood fto ni Han. w*» Injected (ntravenoudy hno 
Bool, I dean olunteer wbo dereloped a mild attack of feier commoidiig 
4 days later and luting 3 dart. Signs and lymptomi beme^er mHndtng 
raih and leueopenla, were well marked and tlmtlr to tho^ described in ibe 
ether caact. 

On 2I*t March. 5 ml of blood from Boo wu injected intravenooily into 
both ED. (u«ed for Arrmgenx bmntt) and Cle (u*ed for Armtgern mtlnnufr) 
ED. became ill 3 days Uter ran a aomenhat irrepjlar ternpera m re and 
•hotted an the featum recorded for the other auea. Qe. had a amiilar bnt 
TOoce acTtie attack, abo after 3 dara menbatwo and t* thot^ed a well- 
marked aaddlednck feter He had mild dellrhun and mu*cular twitching* 
dating hk rrcrude^ceoce, and «a< the mon acutely HI of all the ctperimental 
ca«ca. 

On 23rd March, haring l e cc re m d from ha fan dal attack. Hart wa* fawco- 
lated with bknd from Car (cide ru^a^ ft temained perfectly nell nntH dtv 
diarged 11 day* later 

Thu* Han like Hay decelopcd a deDgue-)3te mieetkm. which was main- 
tained for two serial paiaage*, a«J to whidi he was hurrself proted to bm 
become nmsnse. 


Cas a^Tiast. 

Ffa*t feed* oe 2ad March, hat m Ifeh Manh. craet oe I6ih March HataiT fwe 

Fif 3% 

16J 44 — H compklocd of iaif iy se w frootaJ h— darba md bamhar pain ttA 
rtMte6 that tbe*e irmptma had beoa prmnt In mdd fcinn for 4 dan. 

17.3 44 — H now hnd p«ks n dw limb* opcoaD^ m the anlJo and tte rlfbt Isee 

joisti, 

ISA 44 —In wtMirfrwi to tba armptoma. tbera was ck>w tper**, Iifat, red, macular 
taah on the abdaraen and back. The patste was crythciiatoua, tod dKmad imie tmTI 
ri ik ls*. and tbs auboandibular atanda mare iLchdr edarfed and tmder 

19^3 44 — ^T^iere w«* maikea krm er tborado ha ck aLlw . and pdo on ramcfnent ol the 
ora. The najKincd rae mara wrfFtisad, dw pakte and ptmijox tad tba toofoa 

mas coctrd. m tt proracmait red papOba ai dw The raab, pcea^ <n back, abdocaen. 
and chest, amated of Maas red maculca about 4 nmh in dlxntitEr On the edccaor 
turfsca of the am and f ore au ns tba macules mere about f Inch m dtaeta r U r itlitcf 
Tsd, and son prafusa. 

20 J 44 . — Thr r yw^j t e m « era a* bafotr The raih «ms nom emendacd. «id kiroh ad 
tba at tbt IwtA and tba lace. It ma laaat omkrd oo the legs. On tba tnmk and 

■iTO* the rwh was now maculo-papular m typa, 

23A44 — ^Tho atinpweni wars leas aorre Tba r*ih was aifll red in coiotB- aod 
laixtr cooQnent oo tha trank and anna. 

24J44. — H felt w*{L Tba ta»h was fatEnc. Tbe coolmtiTae sod palais mere 

rtj.<r 

25A44 — ^Tbc raih Iwl fetfed, except for aenna mottlwie of tba skin. Tba coojixoeth •• 
f;T\.t paialE wen ometaL 

On 18th March SmL, who had not been oacd pretwoily maj tnoculared 
m inu niooly with 5 ml. of blood from Titm. 

Four day* feter b* bsd sudien onast of bontal baadaebe Nrtt day eya BwretacBtt 
men alw pmiftil. tlwra w« hnnbar pam, tba entJonctiTaa wen wiftnled, ml sparas 

feflit. OMCultr mJprcNa h*J appaared on tba chest, abdoerwm. back, tod eiWDsar wprrts 
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of the forearms That mght he was prevented from sleeping by sharp, intermittent 
muscular pams m the trunk and limbs His fever was of the saddle-back type, and his 
subsequent history followed the usual lines 

No further passages were made, and an imjnumty test was not performed 
on Trem 

As the sequence of sub inoculauons may appear somewhat comphcated 
from the text, they are set out diagrammatically m Fig 4 

Of the negative results little need be said None of the mne men bitten 
by Armigeres breinh, A mtlnensts, and Aedes aunmargo showed any evidence 
of infection for penods of 13 days or more after the last bites Four of them. 



F-fCURE-a 

Fig 4 — Diagram representmg the passages of the infection used 


McL , Ell , and Fe , all bitten by Armigeres breinli, and Cle , bitten by 
A milnensis, were then moculated with infective blood as stated above All 
came down with typical attacks of fever, indicating that they had no pre-exist- 
ing immunity to the infection 

e Review of the Clinical Findings (Lieut -Col Dodds, Major Dowung) 

From the case reports, it is seen that Cases 1, 2 and 3, each of which had 
been bitten by Aedes sciitellans, dev'eloped an illness characterised by fever, 
frontal headache and backache, together with pams m the hmbs Each had a 
generahzed rash, conjunenval suffusion, erythema of the palate and a distmctne 
appearmce of the tongue In each, the fever showed an intermission dunng its 
course (Fig 3) In Case 1 this lasted just over 12 hours, while m Cases 2 and 3 it 
asted more than 24 hours, though Case 3 had only mild pyrexia at any tune A 
leucopema, mamly the result of a marked decrease m the number of neutrophil 
cells, was observed in each case The volunteers moculated with blood taken 
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VA 

from ihoe paDam alto dorfoped a fcbrik inn«i Trith iljnllar »4giB ifld 
tymptoou. 

Ir b cooitdard that th« duucal fcarum of the Dhien b aO the*e ca<es 
>^cTc tuffioently chaiaacrttoc for a dugootu of dengue to be made, 

A* these ten case* tep i etemed a single sertt, all Infeaed from the »at« 
■curce, some dhcusakia ot the dinJcal fiodmgi may be of fanc i e st . 

Pforfromata, One case had mOd headache and lumbar pam for 4 days 
before the onset of definite lymptcms and rigns. Two others had a mDd sere 
threat ttith phaijngltb for penods of 3 and 7 days rrspeedrefr bwt 
this appeared to be doe to an rotetruircnr mfcctiOD prcralent at the time. 

Cbiiet In one case only die onset conld be daoibed as gradual hitnbsr 
pain bemg the only rymptom. The other nine cases had a rmp^ onset, and In 
two of these, the Qlnesa began suddenly The features most commonly 
obscTTcd at the onset were frontal headadie. loner domJ or lumbar p«m, a 
flushed CT pu^ ippearaDce of the face cnnjunctiTal snffusioo erythema of 
d>c palate and a macular rath on the mmk. 

Tempertim (Fig 3^ Adopting Mm^w'a dasalflcaticin of the types of 
fercf commoaly taa^ fat dengue (Roccaa and MtCAW 1942). fooi of these 
cues exhibited the addlchack type of ehan (Hay Sau.. McL Oe.), fire 
wwe of the faitemipted ferrr or two phase type (Haa. Tma, Car 
Boa, EIL). wlule one wa of the shewt feser or one phase type (Ft). 

Poise Doting the febrile sages a reUorely slow puK «« a featore of 
each case, the pobe rate tartiy rtsisg to more than ICO. Post febrOe btady 
cardia wa not ob»crsed The pulse rate bad m each case been recorded for 
at lom 14 davi before the onset of ferer and compan*on of pte^cbrile 
and post frfnik pulv rates rescaled no significant change 

p£jns. Frontal headache backache m the km CT ihorack or lumbar region, 
and pnht on movement of the cres were early and persrstem features in these 
cases Frontal headache and backaidie were each present m nnte cases aiwl the 
eres were pamfol on mosement m eight coses Tenderness on pressore over the 
eyes was noted fat six cases. ComplalDT of pams In the Umb museks wa made 
m eight cases. These pains were geDeranr later In onset than the headaefae, 
badudie and painful ere*. ^ thru dotation wa about 4 days They 
were referred to the ihighi. calf musdes and the regions of the wrists knett. 
inkks and feet. The limb onitcln were tender on presiare, and there was com- 
plaint of pain on mmement of the adjacent joints bat the pain was referred 
to the muscles and not to the joints. One case had pain and tendemefs m 
the abdomfaill mosekv In three cases fleiwo of the neii caused pain twt 
there wa no true neck ngtdity I general thedesree f pam aned with the 
degree of fever tho-e cases howmg a saddlcdiact or rw pha«< tTpc of tern- 
peratme chan haring a corresponding romsiion and eyacerhatfan of pain. 

Rfsh Estnthan (Fig 3) Each ase dercloped a rash and. while there 
were rarlatkins hi the rtttnf and inten ity of the eroprim, mane charwcfeilstlcf 
were common to aU 
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Faint red macules, roughly circular in outline, sparsely distributed on 
chest, shoulders, back and abdomen, were first in evidence, and were seen on the 
first 3 days of the illness In some cases the rash disappeared after 24 to 48 
hours, to he followed by t^ie appearance of more closely set red macules, 
smaller than the initial macules This rash appeared first on chest, abdomen 
and back, then spread to the arms, forearms, palms of the hands, legs and 
feet, and m some cases to the face It tended to become confluent, producing a 
mottled appearance, with areas of normal white skin betiveen the confluent 
erythematous areas Over some areas, superimposed upon this rash, were 
small, bright red spots, about ^ in in diameter, irregular m distribution, 
and apparently not related m position to the macules of the general eruption 
The rash faded m the order in which it appeared In some cases 
the confluence of the macular rash produced a generalized erythema, 
and It was noted that the two cases which had the most profuse 
rash show’ed the least pyrexia, and m these two cases a papular element was 
present In two other cases, a slightly raised erythematous eruption, which 
was very imtable, was present on the hands and feet just before the rash 
faded The shortest duration of the rash was 4 days, the longest 1 1 days 
No desquamation was observed in any of these cases 

Enanthem An erythema of the palate was present m all, being observed 
on the 1st day of illness in six cases, and in the remainder by the 4th day 
It persisted until after the disappearance of the exanthem in most instances 
At first It presented a blotchy or stippled appearance, becommg more confluent 
in the next 2 or 3 days, though in some cases the stippled appearance became 
more pronounced, appearing almost haemorrhagic m type The pharynx 
showed a similar appearance to the palate m four cases The tongue was furred 
m the early stages and later showed a typical appearance, the dorsum being 
covered wuth a white fur with large red papillae present over the anterior 
half inch 

Each of the cases showed conjunctival suffusion In five this was seen on 
the 1st day and in all before the 4th day The average duration was 5 days 
Lymph Glands Enlargement and tenderness of lymph glands were not 
prominent features, though they w'ere present in mild degree m five cases 
The groups affected were the submandibular glands, and those in the axillae 
and groins 

Spleen Shght enlargement was seen m two cases only 
Liver The hver edge was palpable m one case, while another had tender- 
ness in the right upper quadrant of the abdomen 

Leucocytes (Fig 3) All the cases except one showed a leucopema at some 
stage The decrease in neutrophil cells was the mam factor in the production 
o t e leucopema but m most cases the lymphocytes were decreaseJ as well 
1 ler Symptoms Anorexia and constipation were present m all cases 
dunng the febnle period Vomitmg occurred m one case and diarrhoea was 
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prc^t m ooe only Slrtpkmte** fm a common feature, aod dcUnam, »ltK 
muacntar mtduDg*. wi:i teen u one ca<e Episoxi wu «en faj cac ctat, 
and there was campUint of tore throat In three. 


4 DtacoaftON. 

The pojid e ocperlroeiit wotild teem to be perfectly dean. The moaquuoo 
mere fed m New Cuma on cav> dtagnoied ai dengue ferer and men m 
Sydney iic%eloped a febrfle iDncn after being bitten by them. The men had 
Dot been espoaed pierioQjly to mk of dengue, there were do natUTal 
at that time »ithm Kteral handled r© other febrile racmtdmg 

thein « CTC ocaurmg In the area aM the di^ea^ tv as diagno«ed br expencnced 
cUolaam who had bad errenute experience of dengue ferer 

Moreover serial para^ by blood oroculadoc mas pond c and the mo 
men retted were nnmone to reiofeciKn after rtcortiy from the onglnaJ 
attack. We ma^ safely coodode that dengue fever was transmitted by 
Afdes tcufeBtru m this e x pen m ent. 

Thk EtxJmg adeipiaccly expbhw the occurrence of jungle dengue 
fertr over a snde area ro nonhera New Cotoea. for the dutnbudtm and pie 
Tiienct of A tcutelUm agree very eianly with the cccunen ce of the (fiiea**. 
It does Qot. ho^eter fit fhc obserratioas in the ouilytQg pans of the Moresby 
dhoKt so saotftctorily A sndefZms «raa very rare at il« rim*, and A aegy^f 
did not appear to hare extended far into the bush. Ponlbly it acraaBy mar 
hate exurri further afield than our aurreys would hare indiiated or poasfbly 
fhe roeo had more contact wuh ibe endemic part of the area than their 
hmortei aoggested. Cenerany bowrter the broad picture of aegyp/xamed 
dengue in the rmall poioti of oM ettabUsbed settlcmot and scuiellaruomed 
dengue over wide area away Frotn cnQizarioo would seem tn hold falrlr 
wen and the same may alwj apply ro A acjrp/* m dnlized Thursday Island 
and A scutsQcns m the idpKCnt unsettled part of Cape ^ork peninsola. 

Two posnts in ccouectloQ with the positive e xpe m nants remam for a» 
ndetarion, firstly the identity of the rector and secoodlr the Incubatsno 
period In the nsowpuTa As regard the first 4 wieUans Walk ( 1) difieri 
fofficiently ftura A aJbcfmcitn Slcose for the »pctTes for group) idenrificauon 
to be rtboTcly shnpit Inddoitally no memher of the tlboptetus group hat 
yet been recorded from New Gomea Subspca&c determinanan i hosever 
more difficult. 4 scvleJUns was diridcd hr EDsraatrt (19^6) nt a number 
of vancoes, ctjuWilcnt to subspecies, and tbr>e hare been rawed i ipeafe 
rank W pAnxm and Boiiwit flWSV mho have al*o added wveral new forms- 


KDes ot m specie* hat been oon ftm d. Thtttsjlp » J tnd6cd ibe 

tnd nsnwd Uw mew ewttrt) 

AjMdteatfeflarn. It fa oenr known tfa#t ibe farmer it mJtr sHtftetwi Shat so ttwt 
rr^ ore Wslt) betawwi ftnonjm of it sod tiist tbe totter fa Uw true *»tri 
Urit Wtfcer tiw pH m b eatttSarft Tfaeo, tnirK for one f rts ■jfaepeor*. 



e corrc^'- but ivu - j ot , subspecies 

eveiy mstana ^ ^ ,, well a ^„^etoded *at the ^,eog- 

^ y^xl 

in'die ''‘P“‘“'?e'ideiiulicatioa may “PJ““£|„,te sculell””* 

genus, but there be p „e 

C“ -P*te eatnnstc meubauon ^theTheanng » « 

tives recorded examined by ^^V nQol\ and SnvEvio^® 

Table n, and it may ^ These bate Jbometus, none 

non penods ^26 cases L A aegypt^ °l^5tb a^'l 

fho *otes tha', and tta-®'”^,,"* J. '>5 *>«';'«» «tms.c mcuhatton 

“ “ hifote the dth day Assess the P«'>“'’,^„ „ longer than h« 

appeared bet one may ^ Th may 

-"^“SsTdcri Pf " 7e 

generally beeii ^ bays in e, .nsmit the mtec- 

be nearer ml ‘ pries may also tr^ bave been 

On the bases ot nuu u,g,Ifl^, A T -^e negative 

-7^"ed: 

5 Btonout aa-n ged as a hush spee-eb 

^ „„.e...bs tn New Gumea n., be^^^ breedmg V eopra 

P'”'"' :Sy"le» ram «er rn Men coconuts 
rnllecnons of tairiy 
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hai been remored, hoUcm iiump of dead mta. boQow* at the bifmtanoo of 
the brands of mango tree* fallra frowU of coconut or bread-fruit tree*, 
dlsuaed titenub In nanre vilUgei. and the Hit It prefer* well tlieltercd 
ihad^r druatkau not exposed to tbe breeze It doe* not breed in bcanJj 
polluted water like that Catomed bj Arrmgem ipp. m coconut* idU con- 
taining copra, nor wai it found br Captain Rawanj in axlla of taro banana, or 
Ptmdtnat With txrupaiion by troop*, breeding rapidly extend* to ruMy 
nn* (not dean ihiOT one*), the top* of drama, tarpauTma, dUcarded etjulp- 
ment of all *om, m fact annhing whkb will bold a few ounen of relainely 
dear water The adult populatfoa *• a result rT*e» iteeply to high leielc 
The adulta are not hou^e-haunren. their nonnal rr*ting placet (Botani.) 
being ck»e io the ground In cool, damp well *haded utuanon under low 
gro^^g thnibi and bc*he*. wcD protected from the word. They are abun- 
dant in untended cocontn grme* bttt equallr nnmerou* In timllar t hua tiocu 
in tbe tmtouebed bo«h Their range of flight and capacity to mfiltrate appear 
to be light for tmftt, whkh pi actned Igoroo* ad It and larral comrd t 
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1 margin 200 yard-; omaidc ilicir area, remained rclanvel) free of A scutcllam 
and dengue feaer, although surrounded by hcaaily infested country 

Females appear to enter habitations (tents) solely to feed Their flight 
IS fairly silent, and they show practically no tendency to settle, usually leaving 
the tent immediately they hate engorged Occasionally in tents with low 
sides, from uhich egress is difficult, some engorged females will rest m dark 
comers for periods up to an hour A study was made of the periods of biting 
actiaity by recording all specimens entering man-baited tents during the 24 
hours The mean results of 21 days’ readings m nine different locations are 
shown m Fig 5 



Fio 5 Diumal “ biting rates ” for Aldet scutellans at Fmschhafen, New Guinea 

tBER1Ul.L) 


The rhythm of activity is clearly shown, and remained remarkably constant 
on different days and in different parts of the area Occasionally, however, 
there was a minute accessory peak between 14 00 and 15 00 hours, and on 
overcast days, or m tents situated in deep shade, adults would enter and feed 
vigorously pracucally all day long 

It IS not as easy to control A scutellans as A aegypU The same anti- 
arv measures, namely, cleanng up and disposing of all tins and other water- 
o mg m ish, is the first step to be taken, and is definitely laliiable but 
it must be supplemental by removal of all fallen coconuts and even then 
resi ua lee mg grounds are left in accessible situations m the bush The 
ono clearing undergrowth and shelters for a zone up to 

ya s around camps (a procedure which is valuable also against Anopheles 
punctulatus), and by the use of pyrethrum sprays indoors at appropriate 
times mormng and evening Instructions were issued, too that repellent was 
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to be lucd at tbcae ttrpca. The reaitlt* of ibcae meuum, tlgoromlj appl^d, 
h*Te beat good. 

TTic me of DDT igalnat A scuteJUris b not yrt fuDr defioed Rcjidta] 
uea Uncut of tena would not appear to be profitable but both adoJa and lame 
arc rwrepdblc to attack by broatkaA •pnying, whether from the aJr or from 
the grootid. The q«c of fine drifting tnba of imectkldc fat thn war will 
probably pimc tbe control method of deetkm hi the future 


6. StnfMAXT 

1 Experlroena are deacribed In wtuch dengue fe\eT wra mnsmbted 
by riftfei (Jtegotnyia) ccutefZani hebndeui Edw fed on pauent In New 
Guinea aod oo healthy Tolontcert at Sydney New South Wale*. This finding 
explain* tbe QOtbreak of jtmgfc dengoe fertr which hate ocamtd in New 
Gohva, 

2, ^fanloma “) uraformu Tbeo., Afdes (Ochler U/tu) t p- 

lax Sk and Aedn [Afdtt) fimeraa rat omatu* Tbeo are probably not 
eBaeur Tcaort, 

3 rirmigerfi bmnfi Tayi abo may not be an elBoenc rct aor but the 
rwulu wnh rinmgem rmlntnsu Lee. Aiin (AfJa) nmUt Tbeo, and Atdo 

aunmarp) Edw were incoocIualTe. 

4 The biology and control of Aldas tentcUans axe briefly d b cu w d. 
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THE AETIOLOGY OF DESERT SORE 

BY 

S T ANNING, >i D (CANTAB ), Lieot-Col , R A M C * 


The skin lesion or group of condiuons described as desert sore has been 
reported, from vanous parts of the Middle East durmg the war, as having 
occurred m considerable numbers m British and other troops, particularly 
m 194142 

That the aetiology of desert sore (a term that will be apphed here to 
this group of conditions for convenience) is uncertain, is' demonstrated by 
reference to Table I, which summarizes the views held by some writers as to 
the probable aetiological factor or factors important in its causation 

It IS our purpose here to describe briefly the results of investigation of 
sixty-three cases of desert sore seen m Northern Iraq m the period October, 1941, 
to November, 1942, with a view to determining more precisely the aetiology of 
the condition, and to discuss the possible aetiological factors involved The 
senes of sixty three cases consisted of three British ofBcers, and fifty-eight British 
one Pohsh, and one Indian Other Ranks, investigated while under treatment 
in hospital for desert sore or some other condition Many more cases were 
seen but could not he fully investigated 

Terminology and Definition 

Desert sore would appear to be synonymous with veldt sore, Natal sore septic sore 
and barcoo rot It occurred in the Boer War (veldt sore) and in the Great War, 1914-18 
A senes of cases seen in 1916 m the Sinai Desert was descnbed by Craig (1919), and 
The History of the Great War (1924) states that " Septic sores, analogous to the ' veldt 
sore ’ of the South African War, uere probably the most fruitful source of wastage in the 
Sinai operations ” 

Desert sore is a skin eruption, impetiginous or ecthymatous in type, consisting of 
single or numerous erosions or shallow ulcers, which exude pus and are usually covered 
with crusts It affects mainly the exposed parts, tends to extend locally and is slow to heal 
It serondarily infected with the Corynehactermm diphthenae the ulcer is deeper, with a 
punched out appearance and a dark, tough scab 

Geographical Distribution 

The coni*ion has occurred m desert or mountainous country, m the tropics and sub- 
tropics, and has been seen m Queensland, N Australia, Afghanistan and the hot dry areas 
ot India, liTO, Iraq, Syria, Palestme, Egvpt, Libya Sudan, Italian East Afnca, South 
Afnca and Gallipoli 


T-iA,! c made to Major-General J G Gill, cbe,dso,mc, lately 

^ j *°*lP^™ttting this paper to be pubhshed , to Major J Bowie, IMS, 

^ ^ ^ their help ivith bactenological work , and to Captain 

^ tr, ^ Corps, for his report on penodontoclasia, I wish to express my 
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Iq the prt*cnt •eno. cue* were teen uhlcb onpmtcd jn Nonhmi Ir^q 
(Mottil, Shiqlaw* »iid Central Iraq (Baghdad and Hibbmiji), 

Souriicm Iraq (Shu aib*) tud m Paleitine (Acre and HiIIi). 

In cmmdmng the rariem pbcc* at which the oruet occurred the ddlertncei 
In dimate iboaU be noted. Wind and dim arc cmtwi c at tonv of rtjc*c 


Ta«u I 

wwviar or mw* tr* t*i Acnecoar or Mwar ron. 
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D^itufauroe MjfretMU 

Cuid.c u.(iait) 3UN«oH.a<Lii>. p k.ouci imi>. 

IntceOBB of httr fatPriet 
writ «afifa)lococctw 

kUnrt, C 1 quotfd b? aMjemu. J K- (IKT) 

Vilaim dcfrt«oc> 

»kut«o«n). E. H. (inr). 

■1 fp»* iraf ^aa» ( 1 M3)- 

Lack of anen umbta 

Atao ¥ Or^ 

Rarroc H. M- OHJ). 


localiDc* (light at otben. The diffcreoct beraeen amter and rummer rem' 
peratoTCs is coosideiable. In addiooo. the madence of iiuccti, toeb as roov 
qmtoe* and ■ndflie*, carle* greatly 

RmcuI Dulribvhott — Defcrt aore* aete much more common m Iraq 
among the Bntiih troop* than among the Indian, and it would appear that 
men of &ir cocnplc5cioii among the forrocr arc mrtre prone to the dhease 
Case* hare teen by me m Iraq and Iran m PoJe* both In mwpi and 
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j wv RAProRT (}^ f r gi naRf^ 

rctuECCS A I \ia^e seen incidence during, v f^ican troops 

''nl to '1'^'^"^ Irlv- aiR mld'SP'"® ^ Bettle' 

.o« (■"« “; “'bc.o, m .'» “““°,he sumn*« 

seasonal >”'*"“*« =Ep«“" “ “"Lnal and *« ^tthornatne paper W 

{onvttd evid incidence n p (19-V-V) u^ ^ incidence i 

('’'1!^,^^-”' rM^em V,crori. 


'r:ts':nd --s-- p^' 

Soravatd e'-denee ,,4,, m an an ^„„ienee » *' 

''rl-rrS^rSB?Un>"n%-ory 

Hygiene “as^Vng^e^t m *e rainy Regiment, 

J^tem De<^ert nas S the jn one 

^ed thtoughou^q, in July. j942. m 

_„cpc were seen ; , j 


ay^.n. A^P^'^;\itighe- tn the aum^^ Regttnent, 

H! S^j'^ndTa Bna^JtSr B-; »' 

rnd^n^O«"^"«nr^^^^^ wa^ to^nd that 

Age-^° X theagesaatying hctw ^ ^^esert 

«»"1 “l^r my caaea ^de pmpon- „» , 3a,d ,0 occnr 

QAlMtJS arstera >nd^^^ In An«ra'i (Moees'VOE™. 

army P«»”°'' '^arf, among men ‘B™ ,eem prone to d« ^ 

much more ^“"^^^Jiers under conditions men i 

“'r^een 'ntantrymen •«;“/S„„„mE- 

»” “ ToCa -nmeteen 8“n”'‘^ “'“.tera and one eaeh ot * 

SS=-Bri5i =?; 

r Army aoB ^^4,f„a,„Ber oE gnnnera dnvera » "nm^ « 

«onld apt*” *«' th „cnpa«ona m "P *e tat anil 
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DUEST tonx 


Sue — The expotcd eieu of the bodf ere mow commonly eficded The 
mddence in thh •eric* wti u folknn — The donum of the oritt and hanih 
(116 lenoeij), die tntcnor upect of die leg (85 lenom), the citoixor niftcc of 
the foTcinn (55 lakiia), the front of the knee (36 Icriora), the eiremor tipeet 
of the elbcnr ind the tnkle and foot (26 Icaiona nuh). the buttocka (24 ledoa). 
the tipper aim (19 lerioni), the head and neck (18 lencma) and leaM commonly 
the tnmlc (10 Iciloc*). From about blarch to Norember ihort* and ihirtj with 
rolled up rieera were worn dunng the day 

Onxet— (1) Primary Trtummtic Lenons Delayed h omilly 

obaerred. The aunrjunding ikm becocnca leddened. If the Ictkc ocean at 
the lite of an abraakn the laftti suppmaiea. If foOowmg an insca. bite a pmtule 
appean, if at the tite of a traumatic blbter thia becomes Kith put, snd 
n foDowmg a hnm the ksKO raries accordmg to the degree of bummg Thtu 
a bBiter becomes purulent or a third degree burn fslk to heal the nw surface 
dwhaiging pus. 

(2) Secondary VtucUs are osuaDy pfobcMl m sire when first seen. They 
rapidly increase and within a few hours are 3 to 6 mm- in diameter During 
this period they become pustular and arc surrounded by a a»c of erytbema- 
Octauionally enlarge to as much as 25 mm. m diameter becoming baDonv 
These aecondaiy lesions may occor a few mcho from the ongioal Icara or on 
some distant pan of the body For oample puvnles may appear oo the right 
knee sotoe days after a sore has be mme established on the left forearm at the 
tite of the abrasion. The putrales usoally btnrst in 1 to 3 days. 

Ulcer Stdge — ^The kiiaTis. abether foDowing an ahranoo. bum, bite or 
bltfter or occurring as secondary ptmuks becomes cmDar m a pp e aran ce after 
abotft 5 days. A rfiaDow suppurating ukrr with a fiat base corerd sriih 
ydkrw or gieyish debru, and a sDgbtlr raised margin nirroonded by a zone 
of eTyt h "’ ia. is aecn. The nicer usuaHe increased m sire, becoming aboot 
6 to 25 mm. m diameter oociilaDally as large as 50 mm,, and fa roughly 
circular m diape and cyanotic m colour The raargm of the oker am be teen 
to be tmdcnnmed m the aenve stage, and pui. thm and yellow or giey fa h am 
be p re sa e d from under h. In nncrcatcd nlcen there appears to be a namral 
tendency to bcaL bat this ti asually slow and It may be a monib or moie before 
the becomef flattened and rpitheDalizatlm commences 

Cfurt Stage — If no dressing u applied a ciutt of d ned secretion appears oicr 
the ulcer in I or 2 we eks , and the lesion takes on an ecthymatout or lets 
frcqDCntly an impeQglnoai appearance. The crust is thick, the ilie of the 
nicer and increasing w oh the l^cr (The crtMt of the only diphtbcritlc sore In 
tbts teno'sras bi»rk, smoorii and flat, filling the depth of the ukcr lu surface 
j^Tcl srith that cf the mm amHlng skm.) The crust i firmly attached to the 
oker and pies s me on It during the aedre stage will result In the appearance 
of pns at the maigm, Remoral of the ennr meals an ulcer as described abore 
During the chronic stage which may last 0 weeks or more, no further inatase 
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n ptesent and » ®“ spn"®*?® 


o ““ Z^ iMion a" ” [ ,Vu; cast „ Tbis siat- - 

topnd d>» '“' Biatg® to ^ sat 

'*'S” tots se® - ^ *riatot ‘^^rltoate com- 

poc^^ -To^'sto ^ r;tos“c^r^»- 

or mat®" Y The fotoati® f * aent tfflder the .pnotoded 

or sweat glands oray M Such a observed 

SStoia oftht^hm tomtd to ^ 

The fauem does e 

S^/mptoms — T-lae y ^-down to beai atrd 

“ S“s hchme “ ”'>' P secondary to to 

crusted, rs par ^Viadenitrs was pre ot ll^ 

almost complete ^^ses iT^P one m tbe axil ) ^ese 

:rr-— 

?X^i'''t'^i^Srntowsto hac.e^^^^^^^^^ '"'“pt.s from a hesh 

o. cfsrrs -- ':^s°h 

7iby one cases stage bemg ^^^ouly seen, b mg V 

lesion m the Imbous P orgamsms mo^ ^^"P^^^'^Tenes showed that 

'sl==S5SaS,lg2rr= 

ctauhvlococci , rwo cases diph a^es In test wa 


sE:^3S£s:sa.“ 

Viiulena “® pj C difltll''"”' "'“ hospital m* 



tia Dunr ion 

trcitcd for thar *oTt*, two men der ci oped B.T malaiU finfcctcd before •dmb- 
iko), cue mfecthc bepaiidi. and ooe a feterah opper retpirarory ti*a Infec 
tHStL It has been stated that malaria b a prcdiiponiig came of \eldt soee. 
The ra cases mentioned abate all contracted malaru after thdr sores KaH 
appeared. No caw was seen in nhsch the onset o£ sores followed an attack of 
malaria. 


Tsau IL 



SypfnZu. — No htitory oe dhucal nldence of typhila au pr esen t in any 
men In the lencs. The kahn test was tarried out in foor cases and foond to 
be ntgaore. 

pmodonJodans — Endescr of the presence or absence of nutThiooil 
deficbocy was sought. Flftyeigfat men in this series were therefore >T»Tntri<ti 
by Captain C B. ZACSAar AJ> Corps, with refertoce to penodociodatla. He 
reports — 

** h tbs Type n periodaatsl dlssa si described by Bona 

< 193SX la tbe «■«*■ oodcr ebserrsdoa It vss i Sim grrmd (s) rllnhrsfty by cLsiwts fat lbs 
rrifm sod of tbs Bo i sns i tlwis M ^h > bl tn i b , h yp slu i i plrie. whb btdi 

twdency to pocte end <l) tsdlovripbicslly by dsat fuctL a of tbs turtles! 

layer M ahcolar rij s m ptkio wtd di h lim hn ct tbs psrkidoetaJ membrsM. A csss of 
■ mymfsth s p s iiod octtdssis b ahnost indi s rinrit s h s lil s fresn cm of tystaolc perfodooCcx 
Iw. vitb podcat foRDirioei. I tbe famstk i doo of ibess cases, tbet sfo es. air pstknt 
danesl and fwOocraphk pictgrs of tbs ■ jwemt i . lOsssti sss c i ci i t s d wita tnsloe 
f iM ms donwss rt iM rrl Mpfatirs. r csitfTs ftadhus hare been cretlWd 


J/»s*sesWs «■ A/sdlcal Dussser Is TVspsosI sad Ss^-Tfspccs/ A m. (IWIJ 
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lo those eases shwinp t)pical chanpes wothout an\ csodcncc of local imtatuip factors 
the disease leads incniablj to an inability of the dental supportinc structures to withstand 
occlusal strain, carl) ntdiopraphic evidence of alveolar rarefaction and absorption is best 
seen in the incisor rcpion, where the occlusal force is directed outwards as wxll as verticallj 
X-raj examination was therefore confined to the incisor repion Seventeen eases were 
diapnoscd clmicaUv and of these, nine were confirmed radiographicalK A further three 
eases, dnuhifiil clinicallv, vvere found b> X-raj to be positive Rndiopmphs could not be 
taken in all cases owinp to shortage of film, so that of twcntj-six eases found clinicallv to 
be nepativ c, onl) nine w ere confirmed ns ncpitiv c radiopraphicallv and some of the remaminp 
seventeen mipht, had thev been examined, have shown carl> radiopraphic pcnodontoclisia 
'iSvxU c eases wxrc partmllj or complctcl} edentulous in the mcisor repion and excluded, 
and five vvTte not examined Of fort>-six men, therefore, twentj (-13 per cent) were 
sufTcnnp from periodontoclasia (sj'stcmic) Fiftv men all apparentlv healthy, and 
unsclcctcd, were examined as controls Of these, nine (18 per cent ) were sufTcnnif from 
clinical pcnodontoclnsia ’’ 

1 ht Mgnificancc of these findings i*? discussed later 


CovLL'KursT Si i\ Disi-ssr 


hnpetfgo Lfitiiagiosa — Nine men (16 per cent) were sulTering from this 
condition in addition to their desert sores It is possible that tlic aetiology 
of these two conditions is similar in man) respect', for example, incidence, 
Inctcriolog) and parallel response to similar treatment Ht Norusos (1943) 
found coinadent impetigo in one m four of his sene' BirrLn (1943) con 
Mtlcrs that im|Kiigo and dc'ert sore ma\ he identical conditions Of thirtx 
ca'cs of (Ic'crt sore s<.tii h\ him eighteen (60 per cent ) had mijictigo of 
the face 

VaeovK Inrhitc was prc'eni tn one ca'e and /"onrtvic m another PncKl\ 
hr I was seen m one mati 


Sfhoirhwi. if i/ir S'tdfp — 1 on\-one men (65 per cent) had a 'ehorrhocic 
iiifri non of the ‘calp wnli scurf llic tvpical small grcas\ scales were prc'cni 
in all thc'c ca'C' and m several ctcas\ cni<ts m addition Tin' inndcncc 
of scii-rrhtvca is tlm same as that found in fifiv un'elcctcd men m hospital for 
other eotiditioiis .and n iniirh higher than tint seen In me m troops m 
1 nclaiid rarh m the war 

d r /ivp'-r; crooxn „f tbt hut'oeJs was 'ctn in fifiv three ca'cs in 
tills senes (S4 js~r rent ) 

\! sribics imincdiatcK Isrfrre the oisc' of rie'crt 

s nes Uhrn bw ntc the former was cured but bad 1 thm) been a factor 
in t! c- V XI itn , ,if 5 , ^ vhich oritmn'ed o t the b I'lOfk' and spread 

hm to - ants (hm no the v n't') and Icqs Ano her yat'cnt had 
'' ' '' ' ^ s^ro'iilanlv in*'rctcd lesions of whirlj t’n the vvn"« 1 tigers 

a 'ti 'i 1 ’ u Iseomr lap ral eltscn s ire* 
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count for tie ratetn ca*« 10«0 leucocyict. The dlffemitlal white cdl 
count revealed no iigmfiamt ruiatkni from ooimaL The aTtr*^ red cell 
cotrot WB four and a half millloQ (3-0 to 5 5 mxlbon). 


Ascoamc Aon SA-rtrtwnov Tim. 

The tm do*e njttbod, cW^cribed by AamAST lUfm and KUamicx (1935J, llmam 
and Rat (i«35X AaSAtr cad Huna (1937) aod Hawi (1M2) for tbe 

vfiamiti C Wrd B btaotn bewtft, ia acccii^ by 0 w«t autborldea as rcUab^ Tba inetbod 
n hiM ia 0 folkwa attadard tiB doaea (700 tna per 10 atooe of body wrigbt} of Bcuit i fc 
aod are (li eu dally 0 1030 boon 0 1400 faDini tbt aoUcet oriaatB ijH diujiif ibe 
apecnaan, and 0 ISIS houn tba bUddet ia acafax noptkd and tbia 1 boura 
coOacted and ararnhxrd for ita yrOznin C ewUnt by m ra tio o agi it it 2 S dkblbrapbcEKd* 
fedepheanL In a tilng multa the daya are coaniie d tmtfl about 50 mt or o>« of 
▼ftamm C aia jMtaaed do^g the apa d fia d 2t boun p 0 vod, tfaia m aita ag the lower IWt 
for full tafu ii thj n. Scihfecta adD UDog to reach 90 cd iba 2i^ day of the teat dotnf 
ara daacrlbad 0 below atandard and aaeh aubaatjouit day bayend h tsusted 0 fnitbef 
dewree of wrhewTTmaHty In fdDy daralopcd acurry alxnt 7 to 10 daya mar b« neaded 
before Mturadoti appniadwa cocnplettai. TUa fifure va maawre by wbeb to 
Judfe tha extent to wfakh rety gnen l uh la ct bre droppe d on tha path tow ar d i cm ry 
(Uui[& i»i:o 

E^itetn man in the aerka arere girn taat dcaaa m thb war but auppQre of aa creU e 
•cid were not a u fl efeu t to ccanpirte ret ur a uju in crary caae. Tba muha are ibown Jn 
Table IIL It wQl ba ootad (tiR only 00 a aaaa ahoaad iaH**jat od tba 10 dav Ha 
bad been g iren 90 nc of aacpt bfc aeaj daily by cotnith for 6 dijt p rer iar aly Tlwea tarn 
tfamed raapocM on tba lad day (but taro of thcaa had b«ea tiotc 50 at of aacor Uc 
add dally for 30 daya) Foametn men le ipilied 3 ca nera daya baft at aauuukfi wb 
tod w«re t bertfoi a bebw caulard. Nme men a i iho m detert aorct were alao 
(two b e al t h r mao, om wRh malaria, threa with whitlowa ooe with ■u oe b fc 
d yae u te r y caia aaitfa raohipia abresktet* cod oaw wdh boal on ha faea) Of tbeaa, ooa 
ttnra than 3 days, t hi ne toob 4 or more daya, tad flrt tooic 5 or men dayt, in wUch 
m b e e Pc a e aaturitad. 


EhyrzKixTUL Dwcnosu. 

Deacrt %ota may be dmmgotjhed from onectaJ »ore by tbeur appearance 
and by the ahaence of LeuAmama (roptca. Ulcm iroptcura ts « diaeaie of 
the more humid pam of the tropic* but 1 have »«ti ca^e* in Pertia (1 
bot, dry country) among Polhh mcnee* m 1^3 It h a phagedaenk ulcer 
ntnalt y cm the Ic^ and daplococo, apirochano (T wAaatftmn) and fnufonn 
Ka«-TTli can UfuaDy be uolated- De»m aorc* cm the ltg» may be auuilai to 
(and •OTOCtiroe* a fcxrm of) Tmcoac tUerr In doubtfiJ cava the Wnacrniann 
rcacdoo can be emplojTd to eliminate erphOit. Cutaneom diphtheria may 
be ttrperimpoacd on de*CTt aore with a rrpical appearance aa memkoed 
e h c whci e. 

Thatmist 

Some deaert aore* clear up without iieauuent, bet only after many week*, 
the lodindual can change hi* enTironmeni In ajaeBing the xaloe of 
uratmeot ihu mutt be home m mind- Thu*, if trcaanem » earned out 
hi hoaphal it may appear effectiTe rherngh the Improreroeot may be doc to 
rt«, freedom fitnn trauma and a change m diet 
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Local Treatment ,3 snua^d 

Bortant local treatment is r^^ ’^^t'm debcrt 

The most ,.„t is advantageous ^ treatment m 

the band or ^ aopbcauons Sulpbonamide P 

nebcial Tbe number « Ts^ftreated by 1940, 

r ruseirmany cases ot ^^roSo sub 

lutaneously , ^eeri isolated 

c *f !>“ T.«TKa.-« „p„We. 

Moavi States that plenty o£ fresh 

niet-MouEswoRTH (IPS'?) sta^ 


DUtXT S«IE 


wu I factor m tbar aunUca. It was dedded to inTctdciie the effect of riti- 
mia rapplemcna m the pment lencs, and about half the c ajcj nere treated 
hi thb way and the ranaloder by local gga tment only For thh hiTesdgattOD 
only fifty-one ca« in thli >eriet could be taed owing to the thortage of rtta- 
nuna, and aa ca*a dhchaiged from boipual before cure and ouct admitted in 
the dry bealmg uige were excluded. Only caie^ with acn e tuppma ung 
lowni were taken mto cocotdentlon. The ranltj of treatment of there fifty 
one ca*i» are rommirixed m Table IV 

Of the cares oq iitimm C. founcen men imdcrwcnt a sc or b ic sad sarura- 


Tam IV 

MKvn or -nuiwer 
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uon tests and were partially or fully saturated mthm a few days of commen- 
cing treatment They contmued on daily doses of 50 or 80 mg of ascorbic 
aad, the dose given to the remamder (non-saturauon tested) from the start 
The quanaty given was hrmted by the short supply The cases on vitamin 
alone received a total each of betiveen 500 and 5,900 mg (Mean total per man 
2,740 mg) The cases on vitamm A were given capsules (Crookes) each con- 
tammg 33,000 i u and those on vitamm A alone had a total of 198,000 i u 
each Those on A and C had a mean total dose of 217,800 i u and 2,250 mg 
respectively No local treatment, not even a dry dressmg was given 

The sores on local treatment were painted daily with brilliant green, 2 per 
cent in spirit, (twenty cases), or powdered dady with sulphonamide (three 
cases) as the danger of sensitization was not then appreciated (1942) Sphnts 
were used when required, and all affected parts were rested With one excep- 
tion (C F) both groups were in beds in the same ward, inth the same nursing 
attention and the same diet Cases were placed alternately m one or the other 
group on admission One man (CT ) havong a virulent diphtheritic infection 
of his sore, was treated with diphthena antitoxin locally and intramuscularly 

Ttco tUustratwe cases — J L S and R I E , both aged 20, and LAC m the same 
squadron, RAF, had recently arrived together m N Iraq from Palestine J L S was 
an armourer, R 1 E a ground gunner They were admitted together to hospital on 20th 
October, 1942, suffenng from desert sores J L S had ten lesions, the oldest bemg of 
6 weeks’ duration, and R I E had six lesions, the oldest bemg of 8 weeks’ duration The 
size, stage, situation and seventy of the lesions m each case was similar, but R I E had 
SIX suppuratmg lesions and J L S four, the remamder bemg scabbed and dry Bacteno- 
logical exammation revealed no C dtphthertae or Leishmanta m either case In both Staphy- 
lococcus albus was found, and m R I E ’s lesions short-cham streptococci m addition , 
J L S was given 80 mg of ascorbic acid daily with no local treatment (not even dry dress- 
mgs) from the daj of admission By 25th October, 1942 (m 5 days) all lesions were dry 
except one new pustule On 10th November, 1942, after 21 days’ treatment, healmg 
■tros complete R I E , on the other hand, was treated, from the day of admission, by 
the application of brilliant green (2 per cent m spmt) to the lesions twice daily, and 
sphntmg of the right hand (on the dorsum of which was a desert sore) Healmg was 
complete on 26th November, 1942, after 37 days The diet of both men, while m hospital, 
was similar 

It tviU he noted that the mean healmg time of the series on supplements 
of vitamins C, A, and a combination of both was 18 6 days, and of the senes 
on local treatment 312 days The following method of assessing the signifi- 
cance of these results w'as used — The difference between two proportions is 
significant when it is greater than twice the Standard Error of the difference 
(Bradford Hili,, Medical Statistics^ The Standard Error of the difference 
between two proportions is given by 



where P P, are the proportions m the two samples possessing a character 
q, q„ the proportions not possessing that character, and n n„ the number of 
observations in the senes 



Thcma^nbttUnst^IMottfIllcJI™,a,23^d.yt Tht mirnbcT o< 
^ healed la U d.>i m «i, 22 (n «r><i ailool troitmtnt (PI 

The munber of aaa not healed m 23 day. on titamlnj HU 6 (q), and on 
local treannenc 16 (q y There were 28 carea (n) on ntamina, and 23 carer (n ) 
oo local titatment. The ttXDcUrd eiror of dificreiKe 1» therefore 


? if 



equal* 3 10 approx. The dlffcrcDce bcfv^en the numben of caae* 
healed m 23 dap » 15 (12 ") aod u much prater than rnkrc 
the itandard arm of drffererKe and u therefore rignlficaot 

A larger ariKt of caaei moold be more tafonnatiee It mun be lemcni* 
be red howexer that both poop* acre besjcfiting by a diet containing moit 
Tharoin* than that ctamnned before admHakm rhu* tendmg to lean the 
difference berween the groups. The endence that the d«n *oie* 

in tiua renet Tkcre beiiefited by ntarnm* A and/or C. 

Ducnsaicrr. 

QsDitdendoo of ihb aerie* of cam kadi to the ceednuoD that, of the 
tecnJogieaJ f a ctor* thom m Table 1 ooJy traoma of the ikln and nsmuchal 
defiae^ ‘PP^ to be of pnmary Imponince Caac* of doert tore occor 
when the de»m u neither dry nor hot. aben men are In contact »hh neither 
borae nor camei, nhen wnhing bnboe* are good, when aaDd-flics are ih»ent. 
and when expoicre to the hot run can be excluded (Ca^ S.TA. »a a man 
carrying oat aD hi* mirk 60 feet uoderground and another man a 
K.A-AJ^I (hop namtant, aax Indoor* aU day ) 

Traums — It would appear that rrauma of the «Vin b an tmponanc factor 
m the canradon of de*en •ore*. Ahr**ion*, maect-hne*. bum* or friction 
bln ten hare been the precuraor of mo*t, if not aJL primary lore* in thl* •eric*. 
Fipoiiiir to »un roay be another traumauc faaor in lome cam a* Hcxi*i*r« 
(1943) ha* pointed out Deaert tore* are preaent more commonly among in 
dindoal* engaged fa occupation* m »rhich aoch trauma i* likely to occur than 
among protected group* *mtii a* clerk* and women, and they appear on nirface* 
expoaed to ir muta . The different incidence among men and aomen would 
uiggcM that de»cn •ore l» not a^ beCeced by •omc. an ln*ect-boroe daeaic. 
although an Lnj cct bue, a* mcntiooed ibore may be the prectmor of a *010 
br eating trauina. 

Why doc* trauma of the km under certain cooditjooj produce ilrtcrt aoref 
wherea jlmllar trauma at other ame* u followed br normal betlfag? Jost 
a* ecthyma occur* fa ondemoumhed children m the United Kingdom, *0 
nmririmal deSciency mar play a part m the aeitoJogy of de*en •ore 
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Nuintional deficiency —Tht literature contains some etidence that nutri- 
tional deficienq’ ma) be a factor m the causation of desert sore The History 
of the Great War (1924) states, m reference to sepuc or tcldt sores 

“ It w-as found that the slightest scratch quickly de\ eloped into an intractable ulcer 
which, in spite of all treatment, would last for months, and nothing seemed to do any 
good except to send the pataent down the line to Egypt, when, w^th fresh food and \ egetables 
and ordinarv simple dressmg, the sores quicUj healed ” 

Furtheimore Molesuorth (1937) pointed out the importance of diet in 
the causation of Barcoo rot He wrote 

“There is reason to believe that unsuitable food or vntamm deficiency plavs a part 
m the determmation of sores of this tvpe Barcoo rot almost mv anably affects men Imng 
for months in the and parts of Central Australia Fresh vegetables and fruit are generally 
unprocurable in these areas and salted meat or tinned foods constitute the major portion 
of the diet Patients suffering from Barcoo rot which has resisted all treatment imder 
the pioneering conditions in which these men Inc, on bemg brought to the more settled 
distncts nearly always get well without delay under mild antiseptic dressings The change 
from intractabihty is apparently due to the improv ed diet which is av ailable ” 

Certam evidence suggests that nutntional deficicnc)’^ may have been present 
in the cases under consideration The theoretical analysis of the diet has 
shown that the mtake of the vitamms A, Bi, and C, while not below the 
mmimum thought by many authonties to be essential, is not as high as the 
optimum Experience has shown that it is necessary to keep the vutamm 
intake (theoretical) well above the mmimum estimated requirements to pre- 
vent symptoms of defiaency, partly because of the considerable loss of some 
vutamins m cookmg, particularly vntamm C (OtiawER, 1940), and parti j' because 
of non-consumption through waste — or distaste The annotation entitled 
“ Vitaimn C Requirements of Man ” [Bnt Med J , 1942) states 

The most generally accepted estimate of the dailv requirements of vitamin C by 
the adult is 50 to 60 mg daily, and much more m both chronic and acute dlness and probably 
m wound healing But it is mosr important to realize in making estimates of the vitamin C 
content of foods that often about half of this factor is lost in washing, soaking and cooking 
the V egetable m water ” t,. b 6 

This IS borne out by the results of the ascorbic acid saturation tests m 
this senes, and by the findings of Demole (1941), who showed that of nmety- 
four Swiss soldiers after 9 months’ service on a daily intake of 68 5 mg of 
vitamin C, 57 per cent, were deficient 

The rations of the Bntish Army in the Field have been carefully thought 
out and are of excellent quahty, but the above points should be borne m mmd 
when considering the paper by Gear (1944) who believes that vitamm 
deficiency was not a factor m the many cases of desert sore seen m the 
Western Desert. He pomts out that “ on occasion troops on fresh rations have 
showTi^a high mcidence [of desert sores], while conversely troops on the so- 
called hard scale hav e frequently been free from the affliction ” 

Before this statement can be considered as evidence against the hypothesis 
that nutnaonal defiaency may be a factor m the aeaology of desert sore, it is 



The m*m holmg dracofaUtbeil cwM wa,23 4 day*. Tbc ntunber of 

ca^o healed m 23 dav* on Mtamlm 2 (Pi and on local treatment (PI 
The number of ca^ net healed In 23 day* on raammi wm* 6 (q), and on 
local trcaUDcnt 16 (q ). There acre 28 ca*e* (o) oo ntamlm, and 23 a«a (n ) 
local treamjent. The rtandard error of djflerrocc u tberefort — 


/^^Ts i ; i(S 



equal* 3 10 approi. The dificrcnce ben»,ptn the number* of ca*a 
healed in 23 day* i 15 (22 ") and tt much greater than rake 
the ttandard error of dffieTciKe and U theitfoie *5gmficant. 

A larger Knei of caaei woold be more infonnantc. It rauit be rrroem- 
bcicd, ho*revcr that both group* acre benefiting by a diet ctanatnmg more 
ntamin than that cormimcd before adm noo, ihu« tendmg to Ic«ro ihc 
difference berwetn the groop*. The endcnct »ugge»T^ that the desert »<«* 
in ihii »ct1ct TTcre benefited by tltamin* A and/or C. 

DucoaatcN. 

CotwderatioQ of thU •eric* of ca«e* lead* to the cobcIuuoo that, of the 
aetKfogical faaon ihoao in Table I only trauma of the ikln aztd Butntkftal 
defioe^ appear to be of primary importanoe. Caaes of deaerr wn occor 
when the <io*m b neither dry nor hot. aben men am in rootaa wiih odiher 
hone nor catoeL 'nhen wubiog facthdea are good. «hcn taod-flica are abient, 
and tiben expoiirre to (he hot nm can be excluded (Cur &.T.A. at* a man 
carrying out all hij worL 60 feet imderground and another man, a 
NA-AJJ *hop atmtanc, wr» Indoor* all day ) 

Traimia. — It would appear that trauma of the >l.m b an imp o rtaiu factor 
m the cattnrloa of dcaert »ore*. Abrasion*, inject-bite*. bcmi, ot frictwo 
bIbteT* ha e been the prectrr»or of rooct. f not alL primary lore* In thb »erK*. 
Expoftnv to nm may ^ inothcr traunuiK faaor m tooie ca«e* u IlD.ura*cr» 
(1943) ha* pointed out Dnen •ore* arc prc*ent more commonly among In- 
diridual engaged in occupadoni m which uch trauma n lUtely to ocoit than 
among p rotect^ group* *udi * clert* and women, and they appear on *iiri»ce* 
CTpiit d to trauma. The different roodcoce among men and women would 
fuggcjt that de*ert lofe li not. u bdined by •ome, an ln*ect'bocne dl*ea*e 
al^oogfa an m*eet brtc u rneotloned bore, may he the piccui*or of a tore 
by atcuing trauma. 

UTiy doc* trauma of the ahm under certain conditKan produce detert nwr 
wheiea umilaT trauma at other tune* t» {oflcmcd by normal healing? Jn® 
ai ecthyma occur* m tuxie i DtK in *hfd children in the United Kingdom, •» 

D mtKHtal defioeocT may pliy a pan ro the teoology of de*crt *orc 
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Nutnhoml deficiency — ^The literature contains some c\ idcnce that nutn 
tional deficiency may be a factor m the causauon of desert sore The History 
of the Great War (1924) states, m reference to septic or \cldt sores 

“ It \\’as found that the slightest scratch quickl> dc% eloped into an intractable ulcer 
which, in spite of all treatment, would last for months, and nothing seemed to do any 
good except to send the patient down the line to Eg> pt, w hen, wth fresh food and \ cgctables 
and ordinary simple dressing the sores quickly healed ” 

Furthermore Molesworth (1937) pointed out the importance of diet m 
the causation of Barcoo rot He u rote 

“There is reason to beheic that unsuitable food or %ntamin dcficicncj pla\s a part 
in the determination of sores of this tj^pe Barcoo rot almost invariably affects men living 
for months m the and parts of Central Australia Fresh i egctabics and fruit arc gcncrilly 
unprocurable in these areas and salted meat or tinned foods constitute the major portion 
of the diet Patients suffering from Barcoo rot sshicli has resisted nil treatment under 
the pioneering conditions in which these men Ine, on being brought to the more settled 
distncts nearly always get well without delay under mild antiseptic dressings The change 
from mtractabihtj is apparentlj due to the improi ed diet which is a\ ailable ’’ 

Certain evidence suggests that nutritional deficiency^ may hate been present 
in the cases under consideration The theoretical analysis of die diet has 
shown that the intake of the titamins A, Bi, and C, while not below the 
minimum thought by many authorities to be essential, is not as high as the 
optimum Experience has shown that it is necessary to keep die Mtamm 
intake (theoreucal) well above the minimum estimated requirements to pre- 
\ent symptoms of defiaency, partly because of die considerable loss of some 
Mtamms in cooking, particularly Mtamm C (Oluver, 1940), and partly because 
of non<onsumption through waste — or distaste The annotation cntided 
'Vitamin C Requirements of Man ” {Bnt Med } , 1942) states 

'The most generally accepted estimate of the dailv requirements of vitamin C by 
the adult is 50 to 60 mg daily, and much more m both chronic and acute dincss and probably 
m wound healing But it is mos^ important to realize m making estimates of the vitamin C 
content of foods that often about half of this factor is lost m washing, soaking and cooking 
the ^egetable m water 

This IS borne out by the results of the ascorbic acid saturation tests m 
this senes, and by the findings of Demole (1941), who showed that of ninety- 
four Swiss soldiers after 9 months’ service on a daily intake of 68 5 mg of 
vitamin C, 57 per cent were deficient 

'The rations of the Bntish Army m the Field have been carefully thought 
out and are of excellent quality, hut the above points should be borne in mind 
when considering the paper by Gear (1944) who beheves that vitamin 
deficiency was not a factor in the many cases of desert sore seen m the 
Western Desert He points out that “ on occasion troops on fresh rations have 
shown high incidence [of desert sores], while conversely troops on the so- 
called hard scale have frequently been free from the affliction ” 

Before this statement can be considered as evidence against the hypothesis 
that nutritional deficiency may be a factor in the aetiology of desert sore, it is 
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Dcceiuiy to tho» that the actual ncanua Intake of the men oo frah latiom 
wmi adequate, and that they were not at a low nutridonal Icrel £rom prerwui 
hard rationing Funbaroore, aa rtgaidi the abaencc of dcwrt aorct {a aorw 
men on hard ratuat it mart be remembered that aD the mcmberi of a coid< 
mtmlty on a deficient dtet do not »how manifcttanocs of defincncy o* the 
tame mamfotadoDs. Of Lord Anaon a mm «rhen be laDed round the worU, a 
propardoo cxaped acurry 

In thii •eric*, eridena of tl^ p r ea enu of nutritional i^i>firt<-fw y (other 
than the rcaulu of taturatua tem) was found. That 43 per cent, of the men 
had (ynemic penodontodaaa may be aignlficanL Numdooal defioetxy u 
thought to be the chief, If not the only factor catsnig the cooditkin. and 
Both (1937) wrote that rhamio C deficiency h the only numtlooal deficiency 
which in our experience prodocet the chaiactcnMin feamra of the fyftemic 
type of pyorrhoea tn expenmental The nme author (alib Btssxr 

and 'WouLUS) state* that dungca m rhe alreolar bene and peridoatal dwK* 
m tystemic periodootodaua are identical with thoae found in acurry 

The dtt co re iy of foUtcnbr hypetkenitosa In 84 per cent, of the men 
in this senci is intemting PmxEaTOM (I94C) enuidered tha coodjtion to be 
due to dieary de&^eocy probably of riiarDin* A, or of fat. and Cauaxm 
(1940) dereioped the condrdos whOe oo a diet eentamlng do ritamm C tad 
tfae o t etkal ly adequate qoanddes of ritamm A. 

The desert sore is slow to heal, ereo after the stage of acute inflammadsn 
with tuppuradoQ has passed, unlike stapbykicocaLl or other lUn Infecoons seen 
In peacetime. Some of the eyeremic condJocoi dwerfbed by Winmjt (1940). 
wh^ produce a delay In wound bealmg, toeb u deferti e nntridotu) and 
ntamm 4 «Itvp rmgbt be the cause. A low prote in diet and/or a high fat 
diet prolong the bcilmg period, but neither ficior wa* pr ei ent in thh wne^ 
Lack of ntamin C mteTicrei with the fonnadoo o! collagen fibre* and the 
proUferating mewdenn cell* fiul ro mattne Such a stare of aJIaji* might well 
be ooe catne of chronkirv m the lenom ndcr conudeianoD Thi* iew h 
probably s up ported by the result* of iltamln C thcrapr The appearance of 
the scar b similar to that of wotmd lo sobjects defictenr in rtamtn C. t< 
described by Hrvr (1941). The wwr* of patients treated with ascortmr acid on 
the other trod, are normal to appearance and do nor break down owmg to 
l up p nm KP beneath. In te s c ure, colour and ihicknew, ther r ewmbk the scar 
of a wound of the skin of a bealUiT indiHdual 

If nutTmocal deficiency ts a factor m the caii^non of desert sores It b 
probable that a defioeocy not of one ntamm alone, bet of ^ereial, a operadre 
and further work on thi subjea b required. 

B<Ktmo] gr Sosne nucrobtc species are cocrtamlr mer with oo heaJthr 

ikm imdudiDg staphylococci saronae. noo-ha«nolyTic streptococci, diph- 
theroid badUL and some ■erolnc spore-bearing type*. The rpeaes arc generaDy 
more numeroin on exposed than on protected pam of the body (Cotn oot. 
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1941) These organisms are of the same groups as those found m desert 
sores m this series and it is possible that they were merely secondary invaders 
of the abrasion or wound which was the precursor of the sore 

Siimlarly it is probable that desert sores infected with the diphtheria 
bacillus have been secondanly mvaded “Cutaneous diphtheria is not a 
primary chmcal entity but a superimposed infection on an existing lesion 
(Army Medical Directorate 'Bulletin, 1942) Furthermore, cutaneous diph- 
thena occurs when fauaal diphtheria or earners are present In the Smai 
desert, when diphthentic desert sores were common, there was an extensive 
outbreak of faucial diphthena and there were many unsuspected earners 
{History of the Great War, 1924) When wound diphthena became en- 
demic in Breslau m 1919-20 the outbreak nas synchronous with an enormous 
increase of pharyngeal diphthena (MELcmoR, 1940) A number of 
cases of pharyngeal and cutaneous diphtheria occurred among Bntish 
troops in NorAem Persia early m 1943, and an outbreak of faucial and 
cutaneous diphtheria in Northern Palestme m September to December, 1940, 
was reported by Cameron and Muir (1942, 1943) 

''i\^ile It is agreed by most obsen’^ers that cutaneous diphtheritic sores only 
occur when faucial diphthena is present and m parallel outbreaks, yet it does 
not seem to be appreciated that cutaneous diphthentic sores do not occur 
during every outbreak of fauaal diphthena, but probably only under con- 
ditions when desert sore or some other chronic skm lesions are present Thus 
in the Smai desert, m the Northern Persian and in the Northern Palestme 
outbreaks, desert sores were present beforehand, and it is probable that the 
outbreaks of cutaneous diphthena were due to the secondary infection of these 
Cutaneous diphthena was rare in Iraq dunng the period of mvestigation of this 
senes of desert sores, although the latter were common, because faucial diph- 
thena was only occasionally seen (Eight cases were admitted to the hospital 
hemeen 1st January and 1st November 1942 ) 


Conclusion 

Assessing the evidence as a whole it would appear not unreasonable to 
suppose that desert sores are the result of trauma affecting skm whose resist- 
ance to infection is lowered, the resulting break m contmuity becoming 
secondanly mfeaed by orgamsms usually present m the skm or by diphthena 
bacilh if earners are near The lowered resistance to infection and the slow rate 
of healmg may be due to dietary defiaency, and some evidence, though m- 
conclusne, is produced here that this is so 

Summary 

The available literature regardmg desert sores is reviewed and a senes 
of sixty three cases seen m Iraq is considered with a view to determining the 
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•etiology of the condrtKm. The retolo of treatment with mamla njppktncmi 
are described and the aetuio^T u doomed. 

It is tentaorely suggested that the foOowing ate the Important faaon 
In the acodogy of desen tore — 

1 Trauma of the ikm. 

2. Lowered rcsUtance of the tldn to infcctioa. and delayed woend heal- 
ing probably due to nutrrtKrtial deficiency 

3 Infectloo of the ikm at the nee of lojory and later at other p bert 
by organisms locally resident « com eye d by carrte 
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HEmomLE AXTIMDOl IX TXmxCMOHlItn 

HctrrcpbUe ibeep ccQ tgghumtu ha\e bctn detoocmrated — 

(1) 7n HOrmMj ifrvm wbetc they «rc imally prtjoit tn icry kw titre » 
that foQorhig their ihviqmcm by Tarying inagem it b often accCTUngty 
difficult to demoiinivie the preaeocc of le^ual agglutuun. Ia^eMi^t^oD of 
the hjgh thicd »ct». bowerer b» »hotro that the agglunnim c»n be thwfbcd 
br both ibeep cdb and freih or boned gimieaplg kidney b«b of wbfcfa tre 
Fornman « iDiIgcn carrierv They are on the other hand, poorly abvnbed by 
boiled beef cella. 

(2) Foikmng nffctions of hon< lemnt «bcs the aggl nrinlin c^okcd tic 
abvfrbed by a « Ide variety of anrigctH, including the cclh of hor^ iheep goat, 
ox, rabbit pig dog and gumeapig The%e incitsdc a number of non-Fomtiitii 
anugcni. 

(3) sv^mng ftom in/ec/iw meownuefeoju when the agglotiniia 
preaent are itr oog ly ab»orbed by beef cell* (non-Fomman) and by the cciU of 
beep, gear and beme, hot are poerty absorbed by gumeapig kidney 

MaTEaitLa aana Mnwea. 

There b coonderahle doagreemcDt m the bterattut ccoetming the iheep 
cell agglntioJlii cocuent of oennuJ acrum (Stcaxt ei 1934 and Bauitt 
1941). The varying rrrulrs obtained appear to depend to a Urge mJBi t on a 
tnety of facron, ludi a* the lempcnnire at whwb the tnt b pei f oB med . the 
conccDtiadoQ of iheep ceOj employed, whether the titre b ciprea ac d m terms 
of ftnil or serum diludou. the method of nasdarduing iheep ctD sui p etnio ns . 
and diffcrePcq in the metbodi employed for reading the testa, etc 

The purpoic of the preaent paper u to describe the finding of bereTOphlk 
agglutmini In reladveiy high tirtea In caie* of trypartovmiljsi^ In Britbh West 
Africa, and of artcmpti to mveitJgne the nature of die abnbodlci mtb a view 
to defcimmlng tbar pcoriblc leUtximhip whh tbo^ that occur b noema] 
lerum, b the terum of padenn ■ufienng from infcai c mostonudeoiK arid 
aerum iKknesa 

In Mcm of tbeae wide TxriatIao« b norma] ggintfnim. preriomlT i c pu rTcd. 
h wa* deoded fa the pr e ien t woric to determine the local range of normal 
lariatlooi. b order bener to a^ier* ibe value of the finding of a beteropbDe 
rtiponie m casea of tTypano*cnua I and to employ and fuIlT deicrfbe the 
technique mewt commonly adopted ra tbe routine perfonnance of tbe Panl- 
Bunnefl tot. 

Over a period of 18 month 100 *en from confirmed catei of nrypano- 
focmam acre esambed. Sera acre ia3«n at all mgei o( tbe dl^caw bet 
unfommateJy b many ca^ fea or no cGnical data acre a ailahJc other than 
the mode of diagncm*. In over 90 per cent, of the ca^e' examined Trrp»wo«w« 
gwmttmje aa pieient b tbe enUrped cerviea] gland*. One hundrrf coeitrtJ 
fcra from patienti mffering from a wide range of troptcak and non-mfical 
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diseases, as well as from a large numbei of normal individuals, iiere also 
examined ' 

Techniques 

SHEEP CELL AGGLUTININ ESTIMATION 

The method used was largely that described by Davidsohn (1938) The 
sheep’s blood was defibnnated and stored at 5° C The blood was kept for at 
least 24 hours before usl, and was discaidcd 5 days after it had been with 
dratvn Before each test the cells were washed in three changes of normal saline, 
and a 2 per cent suspension in normal sahne was prepared from the spun 
deposit after the last w ashing 

Sera to be titrated were inactivated by heating for 20 minutes at 56° C 

0 25 cc of serum dilutions ranging from 1 5 to 1 5,000 were set up in 
small tubes with an internal diameter of about 9 ram To each of these 
0 1 cc of the 2 per cent cell suspension was added Final serum dilutions 
will range from 1 7 to 1 7,168 The tubes were then incubated for 1 hour 
at 37 ° C , and subsequently placed m the refrigerator o% emight Before reading 
on the followmg morning, the tubes were re incubated for a further hour at 
37” C On removal from the mcubator the tubes were gently tapped w'lth die 
forefinger, and imerted to resuspend the cells The tubes were read by naked 
eye m a good light, but if there wa« any doubt as to the end-pomt, the tube 
in question was examined with the aid of the concave surface of a microscope 
mirror, along with ‘the control tube Previous use of this technique had shown 
a titre of I 200 or over to be highly suggestive of a diagnosis of infective 
mononucleosis 


ABSORFnON TEST 

Gumeapig kidneys were kept frozen until required After stnppmg off 
the capsule and perirenal fat, they were cut up into small pieces These were 
then washed m salme until the washmgs were blood-free The tissue was then 
mashed to a fine pulp using as much sahne as was necessary The suspension 
was then heated in a boihng water bath for 1 hour When cool it was further 
emulsified in sahne, centrifuged, and a 20 per cent suspension of the deposit 
prepared m 0 5 per cent phenol salme The emulsion thus prepared was kept 
in the refrigerator, and was considered suitable for use for some months 

Fresh ox cells were washed m several changes of saline until the super 
natant flmd was clear They were then suspended in four times the volume 
of salme as that of the packed cells This suspension was then heated m a 
boilmg water-bath for 1 hour, and the fluid lost ivas made up mth further 
salme Phenol was added to 0 5 per cent This suspension can also be kept 
for some montlis m the refrigerator 

The test was earned out by allowing a mixture of 1 cc of antigen and 
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0 2 cx. of aucUvatcd *ennn to tond for 1 boar it room tcmpenmre, iVulm g 
crery 15 ralaatet. The mixture mu then centrifuged at 1,500 f -p-m- for 
10 minuto, ind ibe rupernitant flnid ma p tp e u ed off A row ot 8 inbe^ 
wai now p r epared, and 0-25 cc. of nlmc wa adc^ to Tubes 2 to 6 025 cx. of 

absorbed icnim was added to Tubes 1 and 2, and dooblmg diJimoos prepared 
from Tnbes 2 to 8, di«canling 0 25 cx. from the last tube. O’! cx. of the 2 per 
cent. suipcmkiQ of ibecp wu added to aB tube«, which were then ibalot' 
wefl. Scrum dilntioni ranged from 1 7 to 1 S96. The rubes sere then In- 
cubated as described abore. 

RcsoLn. 

Table 1 shows tbc mode of diagnosis In the 100 ctstfirmed caKs of trypano- 
■o Tnnik_ and the disTribunoD of pyrcxial cases in both gitmps. 

Table II shows the freqaency dmriburion of the sheep ceQ aggintmin 
titles in die posuiTe and cootrol groups. 

Table III shows the rise in utre noted in three early ases actually under 
obsemdon, aktng with four other later stage cases where serial agglurinatWa 
were also carried enn. 

Table IV and V show the mres foOowmg absorption with gid“* 
pig kidney and beef cells of a smaQ comber of sen with high a^Iunntn Dtres 
fitan the cootrol group, and ewency set* from the tryponoscHuasis group. 

Tables VI and Vtl show the aggtutmaDon dtres of 50 Rahn podrlre and 
rygadr e seta in eantnl and trypanoaomUau groopa. 

Autohaemagglodura such as were teponed by RA.'tnuca. Dokrau and 
Blantoko (1898) to occur in the bhud of bumans and anitnaU mfeaed with 
trypanotomiasit though cocmandy looked for acre found in only four caws 

m t^r of tjvr at a litre of more than I 8. The Hood group of these 
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cases were unfortunately not ascertained The phenomenon of autoagglutma- 
tion was also observed m a small number of cases, which, although showmg no 
evidence of mfection with T gamhiense had enlarged spleens probably due to 
chronic malarial mfection 


Table II 

FREQUENCY DISTRIBUTION OF AGGLUTINATION TITHES 



lII 

1 14 

1 28 

1 66 

1 112 

1 224 

1 448 

1 896 

1 1,792 

Positive sera 

n 

6 

18 

28 

10 

17 

6 

2 

1 

Control sera 

i 

30 

38 

16 

4 


— 

— 

— 


Table III 


Case No 


I 

XXVII 

XLI 

LXVII 

LXX 

LXXX 

XC 


T gam 
prese 

ibtense 

nt in 

r 

Serial agglutinations 

Blood 

Gland 


1 

2 

3 

4 

+ 

+ 

+ 

1 112(10) 

— 

1 224(16) 

1 224 (21) 


+ 

+ 

+ 

1 112 (2) 

1 448 (12) 

1 448 (16) 


^ 

+ 

■a 

1 66 (3) 

1 66 (10) 

1 224(16) 

1 224(30) 


+ 


1 112 (4) 

1 112 (IG) 






1 112(3) 

1 112(10) 

1 112(30) 





1 224 (1) 

1 224(30) 




+ 

■ 

1 224 (2) 

1 224 (16) 

1 112(42) 



Figures in brackets indicate days after admission to hospital 


Table IV 

CONTROL SERA 


Case 

No 

Sheep cell 
agglutinin 
titre 

Titre after absorption with 

Beef cells 

Guineapig kidney 

XXV 

XXX\' 

XLIII 

XLVIl 

XLIX 

1 60 

1 28 

1 28 

1 112 

1 28 

1 28 (nk) 

1 28 

1 14 

1 so 

1 28 

<1 7 
<1 7 
<1 7 
<1 7 
<1 7 
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Cm* 

So, 

Sh«*p c«Q 
•Ohittiti 

tnr* 

1 Titr* «ft»T •h*o*pt“® 

Bn< olh. 

1 OminbdMr 

XXXVIII 

1 <UI 

1 M 

1 M 

XU 

I at 

1 7 

1 It 

XUI 

i ni 

1 U 

1 M 

XUII 

1 M 

1 U 


xu\ 

I Its 

1 7 

' 1 1 

LXn 

1 u 

I N 

1 It 

LX\1I 

1 lit 

1 U 

1 ti 

Lxrx 

1 at 

I sa 

1 a 

UCX 

1 It 

1 n 

1 n 

loomi 

1 u 

t u 

<1 7 

LXXK 

i 111 

l u 

1 w 

LXXX 

1 at 

1 a 

1 SI 

uocav 

t tt 

<• ? 

<» 7 

UOOC\T 

1 11 

1 » 

1 SI 

LXX3C-1I 

1 u 

I 14 

I 14 

XC 

t at 

1 M 

1 m( k ) 

xcv 

1 Att 

I M 

1 u 

XCVT 

1 n 

<1 7 

<> 7 

XCVII 

1 ns 

1 9 

<1 7 

XCV III 

I M 

1 nt 

I SI 

A *nf* p«reaBti(( itaspun 
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Table VII 

POSITIVE SERA (60) 



Frequency distribution of agglutination titres 


1 7 

1 14 

1 28 

1 60 

1 112 

1 224 

1 448 

1 886 

Kahn positive (16) 

m 



1 

■yn 

6 

2 

2 

IBH 

Kahn negative (36) 

■ 

1 

■ 


7 

9 

2 

1 


Discussion 

The foregoing survey of 100 sera from confarmed cases of trypanosomiasis 
suggests that the findmg of sheep cell agglutinins m this disease is no chance 
one, and that an agglutinin utre significantly higher than the normal level 
may be expected in at least 30 per cent of cases — 50 per cent of the cases in 
this series if the four border-line cases m the control group are disregarded It 
is possible that although these four cases showed no climcal or laboratory 
evidence of trypanosomiasis, they were, m fact latent stages of the disease 
The rise in titre of three of the cases m this senes, while suggestive of a 
specific reacuon, is not an altogether convincmg findmg, as although no 
similarly high titres were noted among the pyrextal controls the possibility 
of a non specific stimulation of antibodies cannot be excluded 

The absorption tests, however, provide some evidence to counter this possi 
Uity and suggest that the antibodies that have been demonstrated m the serum 
of patients suffenng from trypanosomiasis are in certain respects unique Tlie 
alnorption of the agglutmms m cases of trypanosomiasis by beef corpuscles 
ivhich do not contain Forssman’s anagen, differentiate them from those 
present in normal serum The antibody present m cases of mfective mono- 
nuckosis differs in that it is not absorbed by guineapig kidney, while the 
syp 1 IS anti o y cannot be associated with that present m trypanosomiasis, 
as the latter occurs equally m Kahn positive and negative sera 

The differentiation of the trypanosomiasis agglutinins from those present 

:'™Tl Acre .s » coa„den,He 

degree of absorption with both the antigens employed 

■>7pano,om,a,.s ,v„h 

„ producOM of *a annbod.a, m Irypanosomia,,, 

m "Tonsibk anngon may be e„her mmns.c or eamoric 

In the former case it may be that the annbody is evoled by an antigen 
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rcnlang £mn the bmldown of k bodj j w i e rin That such an r^rnrr rr^ 
is potfihle has been shown by the ex pe ili ncntal productMC of bomologooi 
orgttvtpeafic antibodies (Satwxxm* and Complooji, 19J9- SaiwExrm lal 
Rrvzaa 19M and Smadel, 1936). In a recent paper on heteroge D etk anti- 
bodies in acute hepatitis, Eatcw Mcamr tod Hutnmn (1944) specnlatcd m 
the possibility of an in trro auiogtnooa anngen-anobody reactioa. In ttypano- 
tomlasis thnllar manifestadopi of byp enen sidnty to those aeen in serum 
fi ct n es a. and reported by the abose noHren in acute hepatitis are not infre 
qucmiy seen m the early stages of the disease, and it may be that here, 
too, su^ a rcacQGD is respomAilc. 

If, hower er the proTokmg anagen be in fact intnnssc, it shoold be 
possible to demonstiare at some phase of the disease the presence. In the serum 
of the patient of an antigen which will react with an antibody In seru m 
obtained from a case In a later stage of the disease, or m cooealescent scium . 
Such a reacnoo would be analogous lo that shown to occur m of acme 
bepauna, foQowmg yellow fever mocDlanon with mareml containing Ictero- 
genk hmnan serum. 

An altematire. and more probable bypothesh is that the phcnomcnoo 
is a heterologous met! on. and chat me are, hi faa ineaiailD^ both b the care 
of mfeenre moocoodeosli and trypanamuasis, a fractioc of the antibodies 
ereited by the coii e spo o d iog disease-preduebg agent In both dheates tbe 
setielogtcal agent has an andgecuc fnicoos m common with the sheep celL 

It is o b rio us that farther work mem be dooe^ tha subject to demonstrate 
more ccndusTTcty a spedSc nw m antibodr Qrre doling tbe comae of tbe 
disease. The antibody must be measiued quanQuarely at diUTcrcnt stages 
of the disease, and attempts be made to correlate it whh other immiinologkal 
rcspotnes. Socne of this work could readily be done with czpcnmenial animal 
onng, for example anriTTypaoo'otnc rat sera, both for the demoosnauon of 
a spedSc rire b igghithtin ntre and for tbe absorptxm tests with pathogmk 
tiypanoaome snspenxiOQi. 

There does not appear to be anr draortstrible relationtbip betaren tbe 
presen c e of sheep cell tgglotiniiw to high ntre and a pouthc kihn reacrioo 

The chief signlboncc of the demons tr atioo of sheep ceil aggluiblni b 
the serum of a comideiabk pcirentagc of ones of trypanoermiash undoubtcdlr 
fiea m the fia that b the Cropks where trypannsornlatii occurs or m ptioits 
recently re t u rned from inch areas, a diagnostk tine for beep cell 
immt. associated with the particular dheare syndrome of glandnlar colirpe- 
ment (eapeoany of the mrical group) and an irypicaJ blood preture, with 
or srnbout pyrexia, can no longer be regarded ■ b^g sufbcicntly luggcstive 
of tafectivc moooniadeosls to preclude funher and repeated in esrigaaosi- 
I hare been assured that, prior to 1941 In one West African General Hospital 
akne more than caw European are bad been diagnesed oa the aboic bash 
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as infective mononucleosis, and discharged from hospital shortly following 
the subsidence of pyrexia without further investigation 

It seems possible from the results of the absorption tests m this senes, that 
some differentiation may be made between the two disease conditions m the 
relatively early stages by the absorption of the sheep cell aggluttmns with 
gumeapig kidney 
/ 

Summary 

1 One hundred sera from cases of trypanosomiasis taken at varymg 
stages of the disease have shown that the sheep cell agglutuun titre is signifa 
candy higher than m a senes of one hundred control sera taken from patients 

-suffermg from a wide variety of tropical diseases, and from normal mdividuals 

2 The antibody present m these cases of trypanosomiasis is strongly 
but not completely absorbed by both beef cells and gumeapig kidney 

3 The differences between this and other heterogenetic antibodies have 
heen noted 

4 Possible sources of the antigen responsible for eliciting this hetero- 
phile antibody response have heen considered, and further hues of mvesti^- 
tion are suggested 

5 Care must be taken before a diagnosis of mfective mononucleosis 
IS made in the tropics, or m patients recently returned from the tropics 

6 The Kahn reaction does not appear to mfluence or be influenced by 
the occurrence, to high titre of sheep cell agglutimns in trypanosomiasis 

7 Autohaemagglutination was not noted as a constant feature m try- 
panosomiasis 
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It will be Kcn thct W-«-tinyIiuccii\innde, 2 phenyi-cyclohtxinot iiul 
*-butyl^ malatc ill rcddced the number of tictiet which tettled ind Nl The 
molt itnjdng reiulti were obtimed with mdilone tnd Formula 622, whiJe 
Rutger • 612 had no ngnlfiemt icdoa 
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DvriTun / Effectxcttaj of JmJMJaM nd FormniM 6f2 
To dctemunc the time during which tbe»e cornpoundi were cffcctiTe 
they were apphed it Lntcrnls of from I to 6 boon before erpoaure to tsetse 
bites- The rcsoha were u foDowi — 
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Both compounds thus showed a loss of efficiency between 4 and 6 hours 
after application 

The Effect of Sunlight and Sweating on the Efficiency of Formula 622 
In tests on pyrethrum the question arose whether sweating or exposure 
to sunhght reduced its efficiency The conclusion was reached that excessive 
sweating was the more deletenous Sirmlar expenments were earned out 
AVith Formula 622 Two treated and two control fly-boys sat for 30 minutes 
exposed to the direct rays of the sun in a tsetse-free area They then sat for 
1 hour just within the shadow of the bush fnnging the Volta River The 
results were — 


Controls 

Treated 

Number of tsetse 

Number of tsetse 

Settling 

Biting 

Settling 

Biting 

62 

48 

36 

30 


Some loss of repellent power was noted To test the efliect of heavy sweat- 
ing, two treated and two untreated fly-boys danced strenuously in the shade 
for 30 mmutes They were then exposed to tsetse flies as before The results 
were — 


Controls 

Treated 

Number of tsetse 

Number 

of tsetse 

Settling 

Biting 

Settling 

Biting 

42 

30 

10 

1 

4 


No loss of efficiency was observed 


Discussion 

Of the nine compounds tested for their repellent action on tsetses, Formula 
622, indalonc, A'-w-amjlsuccimmide, 2-phenyI-cyclohe\anol, and n-hutv\-dl 
malate vi ere all to a certain degree effective 
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UnfortuniteJj danetfayl phthaUte in pure form w*$ not avubbk fcrat 
Rutsors 6P was wrtboat aetJOD while mdalone was active, so that some and 
postihly all the activity of Formula 622 la due to indalone 

Both Formula 622 and Indalone were found to be effectivT up to 4 hours 
of application acalDst the bitea of West African tpeaea of Culicoidct. 

Eipenuients carried out by Major Lewu BcaNEa {1&45) with the abore 
rune compounds against anophcEne and cahdne mosquitoea ahowed that 
2*phcnylctbyl*« hydroxyuobutynOc was one of the most effiaent compounds, 
wWe *-butyl-d7 malstc and 2-phcnyl-cyclobeatnol were tsro of the least 
efBdcnL R^Uent action afamst tietse flies thus docs not entirely parallel 
that ti^ajnst mosquitoea. 


Ctrrtxoatovs 

Under field conditnxu nine compounds were tested for repclleot actun 
against tsetses Indalone, Fonnola 622, N a smyttoccinmude, 2^bniyl 
cydohetanol and n-bntyl-df malatc possessed some sctivity 
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embryo. All grew well unpUntt front tiic beart coQQnutd to pulittc n 
ti/ro for up to 21 day* After the dMue had been growing for ibont 3 dap 
a ttupemroo of trypanotomet ww obtained from an infected mouae by Mlmg 
the blood Into arrated calme and acpandug the paraMtei from the ctD 
by fuitablc centnfoging' 0*1 to 0'4 cx of thi •u'pendon »a^ added to «‘«A> 
of the flaik^ whkh contained about 3 cc. culmre fluid. Growth of the try 
panoaomea could be followed by Inipecrioo under the low power of the mloo- 
•cope for foore detailed rrudy culnim were removed from the flatly fiifd 
m Schaudbmt soludon without prenoua wadung and raioed wrth Gtctma. 

ExPEaiMZKTAL RuiTLTa. 

In the flnt few dayi after trypanownnes had been added t the culmtn 
aa dcacribed abotc, gnat oumben of paraaim could be acen In the culture 
Sind. The trypanocoma were extracellular and were ai comjncat away from 
the ceDt at near to them Trypanoaomei were mort mnneroua on tfac aecood 
day after Inoculation but ther^tcr they became fewer until the I2th day 
when none were *eeQ by lorpccdon unaer low magmficanim. Later a few 
motile trypanoaomet reappeared In the culmre fluid and they penbted In 
tarynig nmnben (onally for tbe te«t of the eulruie. Ctdmrcj fixed 

and stamed 2 dap after ifioculanoo ahowed oo bitnceOula; fonxs coUnro 
fixed after 6 or more dan ihowed mmceilular forma in ma%aaing numben. 
One cnltuiB wn maintained for 59 dap after which it beame cootuninned 
bv bactena 

inMLmouKnr or tra rajuxrrE*. 

The paraaitci ibowed tbe morphology dewnbed by Wrero'e (1926) and 
typKal forma arc ahown In Figu I to 9 Tbe mon prtmiri e intracenulai 
form appeared to be tbe roonded or oral body with a prominent rod abaped 
parabasal body rtaitilng dark red and a round or mat nudetia rtainlng Wi 
deeply Deidoping from ihi^ ibcte were all intermediate rtagei with irKWH 
tk greca of clooganoct until tbe complete TTTpajKwotne wai foemed and became 
extracellular The panba^l body «aa alwap protnmem and luuied deeplp 
mually it »3« rod-ahaped and auiigbt tofnctime* h waa enned, aomctline^ 
It wa globular In »omc paraaitci U wa duplicated as shown In Fig 3 In 
the tnatore trypanowimes arsd In the almost mature intracelluUr forms, a tiny 
granule could be fcen clo^ to tbe pnibaul bodr f? blqibaroplast) Flgt- 8 
and 9 The nucleus »omenme* named fairly darUr socDetinici it »« pie 
and incon<ptctiou\ wanettme^ It appeared an empty kpace with a small 
central nudeolos: form' contamlng two nudei were rare Tbe flageflum 
could rarely be dtnmguidwd The mnnhers of parasites m the cclb raned 
the eartv fotmi might he few or raane the mote maiutc foerm wemed ery 
numerous diMcnding the cell which generallT appeared i be degenefarinp 
TTse para lies by in the nrtopbsni of ilic cell and there wat n cyst wall 
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around tbcnL In acme culturea a few kiihmanoad fonm were preaem citT> 
ctfluliriy trauma dunng fintKat u ocgUgible in ihh technique. In ow 
bcayfly infected culture, a few celli wem acen in wbteh the nudei and out- 
lines o( the paiasues eere pnurticallj' oititiblc and the chief endcnce for 
their presence coo^bted of a number of tmy parabasal bodies spaced at appro- 
pnate Interrali throughout the cyiopUim the host celL the eipUnadoo of 
these appearances, whether doe to dcgcncTatkin, was not clear 

InfeccoD tended fo be coaceniratcd In a few cells which were saoOcn 
with parasites, while other cells saere free. Parasites occurred m caitDac 
musde ceils and in rrucropbages. They also occurred in elcngared cclb with 
processes at each end, which aomewhat res em bled fibroblast^ bm srere prob- 
ably renculor-eridotheUal ceflv In many cases the cell appeared to he damaged 
by the presence of the parasites, tbc t 5 nopIaam hecommg rvoDen. vacuolated 
and empty In appearance the nudra becoming darl, pyaiouc, and socoe- 
limes blurred. 

Mma (W2) has reporad that T cmaj could be grown In cultures cf 
brain of thick embryo. Hss expenment was repeated and confirmed A 
sutpemton of rrypanoaomes p r ep ar e d frtan moose blood was added to a cnlrnre 
of brain of chick embryo grown by the technique described above The fltdd 
roedlirt consisted of 20 per croc fowl serum in Tyrodc as abort After some 
diy^ a fair growth of Iddinianotd form* was ftaind unde the cefb. 

Ducuukm. 

Growth of T eras in rtaue culrure has been described by Korou) tt A 
(1915^ They grew risroe from rat embryo* in platma-ernbryo extract medium 
iQ slide colcnres after 2-4 hours cnihidsal formi of the parashc dented from 
cultures In sembohd blood agar medium were added Growth of the paradtei 
inside macrophages and heart muscle could be seen and trypanouxscs of the 
type found m blood appeared after 5 days. Culrurcs were nuunrained for 7 day*- 
In a later paper Kofoid et *1 (193"^ describe the application of this technique 
for eiammadan of the rfiecT of aivmcal compcKmds upon these parasite'- 
Mrrx* (1942) describei erpenmems In which slide cultures were made of 
chkk embryo brain, after 24 hours a drop of a culutre of T cron was added, 
tbc paraiites underwent the usual cycle of derelopment m the cells of the 
CTjIrtrre He refers to an earlier paper of Romima and Mma In the same 
year in whsch they had shemn that growth occurred in culrure' m fibroblasts, 
hHtiocyics cptbciial, muscle and rterve cella. 

The present ciperiments were undertalcn mamly to explore the wider 
application of the technique dc eloped for the growth of P gtOtn^niM 
and no attempt has been made to study the morphokigT or growth require- 
ment' of the tfyp aJ Kwomc In detail. Fjiongh has been done to show chat 
cultures of T cru are easy to obtain and to maintain bv thh technique 




14 da>s afL he addTtwn (’ ret.eulo-endothclml cell from skin, 

tne addition of trtpanosomes Three small cells are applied to the outside 
ofthiscell X 1000 

Almost mature intracellular forms in a cardiac muscle cell 23 days after the 
addition ot trypanosomes x 1000 
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iTound them, Iq Hcne ciUtirret a fc» Icnhmanotd fonru were present eiii> 
cdlulariy trauma donng ftnnoo is oeghgiblc In this technique. In ttt 
bcaTily InfcCTcd culture a few cells mac >een In mhlch the nuclei and cua- 
lines of the paiauta wot piactxallj iniisjble and the chief cMdcnre feu 
their presence conslited of a numba of tiny porabasal bodies spaced ax apfo- 
pnate irucnals throughout the cytoplasm of the host ccD the eipiinadoi erf 
ibesc appearaners, whether doc to degeneratkn was not dear 

InfccQOD tended to be conerntrared in a few cells irhicfa were swoUen 
with parasites, whfle other cells were free. Parautes occurred in cardiac 
muscle cells and m macrophages. They also occurred m deogated ccDs with 
processes at each end, which somewhat resembled fibrobIasTS|, bot were prob- 
bly renculot-endotbelial ceHu In many cases the cdl appeared to be damiged 
liy the p res en ce of the paradics, the cytoplasm becoming swoDco, yaaiolarcd 
and empty m appearance the nudeos becoming dar^ pytmonc^ some 
times bl uii e d . 

Mma (ISH2) has reponed that T crua coold he grown in culmres of 
brain of chick embryo. Rls experiment was repeated and ccminncd A 
tuspensicn of trypanosomes preparnl from mouse blood was added to a colnat 
of brain of ddde embryo, grown by the ttdmiqnc deaenbed abort The flad 
mediuj consisted of pa oent fowl ser um In Tyrode as abort Afrer sotw 
dar^ a fait growth of Idshman sd form was found imide the ceOa. 

DiacomoN 

Growth of T crua m uasue cnlcure has been <kscnbed by Koran cS d. 
(1935). They grew rissoe from m embtyras In plasma-embryo exxraa medhau 
In ilUe colrurcs, after 24 hours orithhlial forms of the perasite derived frem 
cultures m semisolWl blood agar meditnn were added. Growth of the pamitc* 
inside macrophages and hesn minde could be wen. and trypaDosomes of the 
type found In blood ap pea red after 5 dart Cultures were maintained for 7 day 
In a later papa Korom l mL describe the applkauon of thb tecimiqw 

for eiaminancm of the effect of arsenical compocmdi upen these pandect 
Mma (1W2) describes cipenmeDU In which ihdc ulturcs were made erf 
chick embryo brain, after 24 hours a drop f a niiture of T ertirt wai added 
the parasites unde r went the usual cyde of dertlopinent m the cells of the 
culture He refers to an earber paper of Rj»i ha and Mma In the mne 
year m whkh they bad shown that growth occurred m cultures in fibioNisrs, 
hInKJcytes, cpobehal, muscle and nene celk. 

Tbc present eTtpcriincnt we re underTaten mainly to explore the widef 
appGcaticm of the techmqiie derelopcd for the growih of P gsfliMcrs*' 
and no anempt has been made to stiK^ the morphology or growth require- 
ment of the nypanosooM In detail Enough has been done to show ihat 
enhuret of T m i arc easy f obtain and lo maintain by this tecbnlqtic 
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Such cultures oBer favourable conditions for snidy of the intracellular stages 
of T CTitzi and of their reacnons to drugs 

Summary 

The technique used for culuvauon of exoerythrocytic forms of P gal- 
hnaceum has been applied to the growth of Trypanosoma cruzi also A 
suspension of trypanosomes from the blood of an infected mouse nas added 
to cultures of rat embryo Dunng the first 2 days great numbers of 
trypanosomes were present in tlie culture fluid, not particularly associated 
with the cells Then they gradually became fewer until by about the 12th 
day they were rare or absent Later small numbers reappeared m the culture 
fluid and persisted there until the end of the cujture Stamed preparauons 
made after 6 days or more showed great numbers of mtracellular parasites in 
all stages between the rounded leishmanoid form and the mature trypanosome 
form The parasite occurred in cardiac muscle fibres, m macrophages and 
in elongated cells with processes (probably reticulo-endothelial cells) Cultures 
ha\e been maintained for 59 days As desenbed by Meyer (1942) T cruzi 
could also be groivn m cultures from the brain of chick embryo 

This technique oBers favourable conditions for study of the intra- 
cellular development of T cruzi and of the action of drugs upon it 
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CORRESPONDENCE. 


KAPOSI’S MULTIPLE IDIOPATHIC HAEMORRHAGIC SARCOMA 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene 

Sir, 

With reference to the communication by Dennison and Winston Evans 
[Trans R Soc trop Me^ 1946, 39, 521) recording a case of Kaposi’s sar- 

coma in a West Afncan soldier, it should be noted that, taking into account the 
relatively unobserved character of diseases m West Africa, this condition 
cannot be regarded as particularly rare Smith and Elmes (1934)* m classi- 
fying 500 mahgnant tumours received by them at the Medical Research 
Institute, Yaba, Nigena, found that ten nere Kaposi’s sarcoma Durmg the 
war five cases of Kaposi’s sarcoma were treated among West Afncan soldiers 
m Army Hospitals in West Africa Includmg the case reported by Dennison 
and Winston Evans, four were in Nigerians and one m a Twi-speakmg native 
of the Gold Coast Smce the total African Army population was approxi- 
mately a quarter of a million, this gives an mcidence of at least one m 50,000 
among the young adult male population of West Afnca The common 
occurrence of the pnmary lesions around the ankles and on the dorsum of the 
foot suggests that trauma may play some part m setung up the condition, 
more especially as no case was seen in literate and booted Afncan clerks 
Secondary nodules were present on the skin of the arms and thighs m two 
cases 

In conjunction with Dr B G T Elmes, attempts were made m two m- 
stances to transmit the disease to expenmcntal animals includmg one chim- 
panvee, baboons cercopithecus and Patas monkeys, rabbits, guineapigs and 
mice Tlie chimpanzee was inoculated intradermally with tumour material 

• Smith, ECS. Elmes, B G T 0934) Ann trop Med Parant , 28, 461 
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Rather less than a year later he returned with the other foot in exactly 
the same condition I cannot remember clearly the distribution of the nodules 
at this time, but they were markedly fewer than when he had been discharged 
The foot was swollen and ulcerated and very painful, and the patient was 
asking for a second amputation This was earned out, and again he made 
an excellent recovery TTiat was 2 years ago, and I have seen him frequently 
since He walks up to the hospital with a beaming face on two wooden legs 
All traces of the nodules have disappeared 

I may perhaps add to Dennison and Evans^ histological and diagnostic 
notes a word about the course of this unusual condition Ewing (1940, Neo 
plastic Diseases, 4th ed p 279-282) says that Kaposi’s disease, while it may 
not be a truly malignant neoplasm, ‘ is often complicated by mfections pro- 
ducing refraaory painful and suppurating processes which deplete the 
patient " The course is slowly progressive, runnmg from 1 to 25 years, but 
averaging 5 to 10 years Remissions lasting for many years may occur, and 
spontaneous cures have been reported Early treatment with radiation and 
arsenic is recommended It would appear therefore that the ultimate prog- 
nosis of the present case is quite uncertain 

I am, etc , 

R B Leech 

Kampala, Uganda 


A SIMPLE DEVICE FOR THE APPLICATION OF DDT LARVICIDE 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene 

Sm, 

By a modification of an ordmary flit sprayer it is po'Ssible to facflitate 
spraying of DDT larviade in treatmg anopheles breeding places, mamly of 
superpictus and bifiircatus 

The apparatus ” is an ordinary flit gun, the tubmg and the piston handle 
extended to a length of about 3 to feet The additional tubmg and piston 
handle can be made by any local tmsmith 

The usefulness of this extension is that a person can treat a breeding 
place without having to stoop, and breedmg places covered with weeds and 
grass, or edges which are of soft mud, can be reached and treated with safety 
The droplets from this type of larviade gun should be slightly larger 
than those discharged by the ordinary msecticide “ Flit ” sprayers This can 
be done by having the diameter of the tubing which leads from the container 
slightly enlarged 
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tuspcikdtd in alme, the mtxtkeTi. itbbiu and gumeaptgt inmdermaQ^ nb- 
anaiteoQiiy and mtrattsdcnlady and the mke intnortbrally No rrideBoe 
of Infectian occurred in an obaerradcn penod of 3 mootht. When 
ramour material waj injected uuo die anterior diamber of the girlnei|ilgi 
tome grOTTth of ce&j w ohterred and the cmditkm could he crantnurted ia 
•enea for three pamgei. In two InnaiHXi patient* fn&rm^ from KapofTi 
arcoma were inoculated IntradennaOy In the kg with rumoar material ground 
Dp in phyilologlcal caline. Small ooduka dercloped at the wtei of inoc^tioo 
in fiDcn 3 to 4 veeLa The fame maienal paai^ through a Seitz filter and 
nmilarfy moculared did not produce lencma during an obaerradao penod of 
2 month*. 

Whlk the poadbility of a nru* aetiology Ii by no meam excluded, in rk* 
of the long tpaibadoD period of rich cenDtran* a* hiiman wart* and mol- 
lutcum contagiomm, h a obriona that Kapoal * (aiama i* noc readily trana- 
mitiible to laboratory anrmala 

I am, etc, 

G M. FomtAT 

Une Corimlfmg Phytta^n on Troptesi SJe^usne 
tV»tt African Comnumd 


To tfu E J U^ TaAX**cTK*fi / tfie Roys! Soatly of Tnp*e*J Medtcvtt tnd 
Hygttm 
Sa, 


In rkw of the report of a caae of mujtipk baemonhagK 

sarcoma occurring in a West African (Dnoosoor W and Evaxs W 
Traru. R Soc trap Mtd. Hyg S9 521) it may be of interett to record « case 
m an East African. A* I am at present in England I cannot refer to the ootes. 
but I well remember the mam feamres of the case, the courae of whfadi aho 
was of aocDc mteren 


The patient was a mak Muganda. aged about 30 years. He was admitted 
to Howdtal, I chmk in IW3 ^ao seuh symptoms resembling Madura foot 
but with numerous nodules on the foot and kg A bloptr *>ts performed and 
the pathologm r e ported multipk KCopnihic haem o r rh agic nreotn* of Kaposi. 
The Qodukt increased tapkOy in number and appeared on other paru at the 
bedy ncptabiy the arm The patian wa far from well and apjeaied to be 
gomg downhill. Tbc nodules were painle** but the foot wa* txtftm^ panthd 
and no local or general treatment was of any arail. In tphe of the tmcmaln 
course of the disease, amputatioo seemed justified suspij to rtfiere tbc pain, 
»tm 1 the patient wiHingiy agr ee d Tbe op e ratko was perfonned ibo%e the 
knee, and be made a lemarkably good i ctxf rc i y Hh general health hnptnred, 
and the nod ks ceased to tncrew m number 
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Rithcr less than a %'car later he returned with the other foot in c\actlv 
the same condition I cannot remember clearly the diMribinion of the nodules 
at this time but they were markedly fewer than when he had Iiccn discharged 
The foot was swollen and ulcerated and \cry painful, and the patient was 
asking for a second amputation This was earned out and again he made 
an excellent rcco\cra' Tliat was 2 )cars ago, and I ha\c seen him frequently 
since He walks up to the hospital with a beaming face on two wooden legs 
-MI traces of the nodules h.aie disappeared 

I may perhaps add to Dennison and Evans' histological and diagnostic 
notes a word about tbc course of this unusual condition Livinc (1940, Nca 
plnsltc Discuses, 4th cd p 279 282) sa)s that Kaposi's disease, while it mav 
not be a truly malignant neoplasm ‘ is often complicated hv infections pro- 
ducing refraaorv' painful and suppurating processes which deplete the 
patient ’ The course is slowly progressne, running from 1 to 25 years, but 
ascraging 5 to 10 years Remissions lasting for many years mays occur and 
spontaneous cures ha\c been reported Early treatment with radiation and 
arsenic is recommended It would appear therefore that the ultimate prog- 
nosis of the present case is quite uncertain 

I am etc . 

R B Leech 

Kampala, Uganda 


A SIMPLE DEVICE FOR THE APPLICATION OF DDT LARVICIDE 

\ 

To the Editor, TitANSAcaaoNS of the Royal Soacty of Tropical hlcdicmc and 

Hygiene 

Sir, 

By a modification of an ordmary flu sprayer it is possible to facilitate 
spraying of DDT lanacide m treating anopheles breeding places, mainly of 
superpictus and bifiircatus 

The apparatus ” is an ordinary flit gun, the tubing and tlic piston handle 
extended to a length of about 3 to 34 feet The additional tubing and piston 
handle can he made by any local tinsmith 

The usefulness of this extension is that a person can treat a breeding 
place without having to stoop, and breeding places covered with weeds and 
grass, or edges which arc of soft mud, can be reached and treated with safety 
The droplets from this type of larvicidc gun should be slightly larger 
than those discharged by the ordinary insecticide " Flit ” sprayers This can 
be done by having the diameter of the tubing which leads from the container 
slightly enlarged 
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Thu tunpfc: type of DDT ipnycr h*j been found to be my inclnl d 
C ypna mamly m treating tupn^piclus breeding pUccf and aiv) u a u»ehl 
fnnm of ipraying chlcien coop sbcep-foldf, »tiblci,e* ct acUi, tree tnmis 
etc^ for the dcnruction of adult tDOphcle* ibeltcrmg therein. The o p a ui y 
of tbe cootaiDcr b ibocrt one htic. The o p ritoi can carry i «man (apply 
»lth him for refill 

Tbe dbmeier of the tubing should be about 1} to 2 Indie*. Thu *111 
afford the op er ator a safe gnp on the aprapr It adnvble that the tm med 
in the manufanure of thu type of (p ray er aboold be ncawtalmng tin. Otber 
wi<e the hands of the operator beco^ badly niOcd by mmg inferior mstctlaL 
It Is essential that tbe ctmtamer be my firmly soldered to the rube to (tand 
the rough work it has to do. 

Thu type of DDT lamcide sprayer was manafactured locally fim at 
15s. and later at 7t. each. In EngUnd U can be manufactuird at -b. to 
5s. each These sprayers hare been successfully used In the application of 
lamode duimg law simimer and (n the present ca pcritBCPtal scheme 
of the Anopheles Eradecadon Serrke hi the Karpass area of thb Island. 

I ha e to thank the Acting Direaot of Medical Service* of CypriH for 
penmssion to publvt thu letter 

I am ete^ 

M. Am, 

Ch ef Hfttll! In Ivftnr and Eieewffw Offrerr 
in^phfln ErtdtttJ on Seme* Cjpm. 

Nicosia, Cypnn. 


A CASE OF BLACkW \TKR FEVER DURING METACRINE TUERATi 
To llir Eldtlor TauxsACTiaMv / ihe R \ I Society of Troptw/ Medicine end 
Hfgwu 

Si*. — 

In view of the Important paper on tbe 1 c of rerta n drug' ui the 
prophyhuJ of mabsru by N IIamiltox Fai*ixt (W5 T am R Soc trap 
Aferf Ilig 38 311). and the Hidetpread me of and faith in prophyUcilc 
mepaenne m aita^ of eodcmlc malaru tbe f How ng ca«e hirtory may be of 
interest. 

The pdeni »*< an Italian Sister of the Roman Catholic Ml«Km at 5Vati. 
Ec^uatoeia Province Sudan, an area of hyp e rcndemic malaru abete black 
wa t e r ferer w well known Aged 34 vearv she ha been In th area for tbe law 
10 years and has not yet had ka home 

During thu long pnoH be had been in the habit of taking 5 gram 
ofquminetwoorihire runes per week, and had had only ooe attack of malaria, 
a mild one m 1939 She aas due to go home in September thb year 



conncsroNDi \ci 


35S 


On 17ili August '^I'lc ‘-ten 1>\ the Mother Sn|K,ri()i, to whom tlu. tom 
plained tlint <-lic had not been feeling \i.r\’ well for the pi'^i hirinight, th< iigli 
the had had no specilic 'l\mptom^ In \itw of the fict that ilic wa"; looking palt 
and ihm and wa<; soon due to cmhark on the long trip dovtn the mQ''t]Utto- 
ndden ritcr on her wa> home the I^lothcr Superior Ttcoinmcndcd that she 
should cease to take quinine and that instead she should take a full course of 
mepaenne three talilets a daa foi a dajs and then continue to take one tablet 
a dav This she dulj did and bv 2iid September she had taken twetitV'cien 
tablets 

On this day she felt well imiil middaa when she hmched normally with 
the other Sister- In the etening she fell feterish and de%eIo|Ktl hoiits of 
\omitmg and diarrhoea Her icmperntnre was found to be 102’’ 1 and a blood 
film was taken, but was negatue I was called to see her the following morn 
mg after she had passetl a fitful night 

On examination her temperature was 101° T and her pulse lOS Her skin 
was stained yellow and she was olwcrstd to hate a slight icteric tinge in her 
conjunctnac Her tongue was coated her heart and respirator^’ system normal 
Her spleen was enlarged to a fingers breadth below the costal margin, was of 
a firm consistcno, and was tender A second blood film was taken and found 
to be ncgatiee Her stools were normal in colour 

At 100 am she passed urine of i deep black colour, and ii was found on 
examination to be tjpical of the urine of a ease of blackwatcr fever An 
injcaion of mepaenne 0 3 gramme was given into tlic buttock plicnobarbitone 
2 grains were given by moutli and frequent small draughts of a mixnirc con 
taming glucose 5 pci cent and sod bitarb 2 per rent were ordered At 1 30 
pm she passed urine of a lighter colour but snll containing haemoglobin and 
numbers of hyaline and liacmoglobin casts At 3 30 pm the specimen was 
deeper in colour, and at 110 p m and again at midmgbi tlic urine was dark red 

Tile following day her temperature liad drojiped to 100 2° F , Imi she was 
greatly distressed with pain in tlic loins anti in tlic bladder difiicnlty m breath- 
ing and general weakness, and she believed that she was going to die Mepaenne 
0 3 gramme was administered intramuscularly night and morning and pbeno- 
barbitonc 3 grains during the day She comimicd to drink large tpiantincs of the 
alkaline glucose mixture At SO a m and 7 15 a m she passed urine normal m 
colour, but at 1145 and again at 10 pm it became a dark orange She 
complained that she had a burning pain on micturition, and a stained film of 
the deposit from the unne showed numerous strcjitococci She passed no more 
mane that day, and the total for the 24 hours was 770 cc A blood count 
showed 2,200,000 RBC 

The following morning her tcmjicraturc dropped to 99 4° F and she fell 
very much better She was given 0 6 gramme mepaenne mtramuscnlnrly 
sulphathiazole 0 5 gramme 4 hourly, md plicnobarbitone I gram night and 
morning By the evening she had passed 1,370 cc of normal unne, the pain 
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m hci kitn* aird her bbdiWr bad ccaaul md her braihinj; b»d l icttimc imroA 

Her Tubwjucnt pro g r ta * wa imcrcntfuL Her traiperalure nanunaJ 
anxiod 99 8 F until 9d5 September when )t dnjpped to n niul She fimAhed 
her coane of lalphathia^ole on thi day and her ume wti dear and fret from 
organttmv She ha» ittatEW beewnt mo ogcr rm alnct. 

The fajteiwt in thU rypkal caac of bl:^iiatcT ferer Ilei in the fta tbir 
tbe patKOt had taVen a coctttderablc qaanthy of racpacruie and vu roll 
taking it when the dc\eloped tbe Ubtcai The truth of ihii h >ottcbcd for br 
another Sister and her tVm on the fim exammaooQ tho»ed ohrious ttilalnj; 
which could not potsiHy hate been due to the mild de gr e e of krems. In 
lew of this and the smccrc chafactrr of thl Italian Si ter there can be Itrtlr 
doubt as to the truth of the ttory 

HAVSii.Trr< pMaurr (foe cit) In hh graph of tbe daily Wood concentranou 
of nacpacrinc on a regime of O'! gramme per day ihcrwed tbe peak tilue to Te 
between the 25th and 28th dayj after 2 S to 2 8 gramroet of the drug had been 
taken, and be states that blackwater thould nor deselop on tbb regnne. Tbh 
patient had taken 7 grammes of m epautu e and it wa to have be« expected 
that her blood coocertridan woold he sidBdently high to hare giren her 
complete proretaloa. 

Dt Iiv G ^ Htu. (19+6. Tram ff 9©c tro/> Mfd Hxf 39 472) men- 
tion one case of Uactasfer feser m the l+th Array at a rrmc when suppreadie 
mepacrinc sn ngonwlT enf or red but he does not sraie ahether the patient 
had definitely taken the regulaf dose or had defaulted fn ihi re sp eet 

Thi €»<< mtm rarely he sery unusual and t mould be of mterest and 
mporrance to hea f other iimlsr eTpereenecs. 

I am Sir ele 

P H \aaorr 

Mcdie*! I aftcxlnr Sniimi \[ die I Smve 
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■ We»t AfncM •olcber m lUncDon were dewnbed. ftCcropbotogripb* ud 
•ecdou ol tmuei were tbemtu 

The nHrpbological cnltonl and taochendcal chxncten tcren ftsua 
PfafferrUM rktmon ind the letitm* prodoced by dperliDc nt el inoctilttioti in 
the gmoapig were demom tate tL Thc*e ttmiu hid recently been nobteJ 
from cue* of meDoitkw m the Fir Emit by Mtjor Peci ind Ctptna E. J 
Hadoes, ILAJ^I C 

Dr A. A. BlDer 

djMntcry 

'Ilie duudl fcattirei lod ponmortem hndmgi in i cue of htlmtKfal 
dytcntciy in in Indiin Sepoy were dcKnbed. Micropbotofnphi tnd hkte- 
logial ■ecdons from the pelvic cofoo were ahown. llili cue wiH be poh£ibeil 
later 


DEPUrrUEfT W EJCTOMCa-OOT 

Dr Kenneth HeQinby 

1 lirttK taUrtU« 

The Congo floor nwggot, tbelum of /UejhimM»>ti:,law bywjcfcbg 
mticfa like e bog Tbe*e lime ire mutant to ttamDoo. tnd cm be wat 
by air from A£na to tfau eouatiy They feed euOy on laboratory iah»li 
(rabbt, etc.) Popee tad edolti Stained £rom lame in the kbontory vrrr 
exhibited. 

> AAaftatleca •< toueti le ehufM ef tnapmtxr* 

'nie range of cfiitnbutioa of an ineect u imn c te d In Kveni wiya ^ 
bemg it> resction to temperitnre. At the opper end of the icalc ii the ** tfacrmil 
death point ” thu i cenu to be rigidly 6xed and u not iltaed by prenotn 
conditioning to different tempenturca. 

At the lower end of the icale we get the cWll ctxna tcrapentare” o 
which cold inaeetbeata begins and the stiO colder tempentnre at which death 
cosoca. Both theae potna may often be altered considenbly by a pnxc0 
daptadon. Insect* fnxn coltore* kept under warm coodltiotts hare a rah- 
stantialJy higher chin c oma temperature than tboae kept cooL This tdtpCfOoa 
lyy^ n apiSj ututUy wlthin 24 hours, and it u caatly I 'eie ni Me so that > 
b<^ adapted insect may become " coW adapted ” and err* twraa. 

Thh proceaa may be deroonatra^ with moat maects. "nie cocfcro»i 
BUita erwUshs was tbown here. Sotne rpeamens bad been kept at 3(1* C- 
(bcat adapted) other* at 15* C- (cold adapted) for 24 hour*. When 
to 5* C the «-fJH adapted mdmdoal* were normally active, the other* 
iromobiliicd. Both lot* were ImmobiTlied at 0* C. but on being retnmed te 
room tanpcnmire {•boot 20* C.) the cold adapted cockroacbe* were fuDy 
in under 5 minutea, while the heat adapted one* did not move for about 2 ho*! 
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both very doedy relitcd alone coircxpondi to the grognphiol cEttribo- 
aon of *crub typhui (fc) T JA^sis Iirvae hive b«n ihown coodiamJy to 
have an annual peahioadcnce daring the ntna (not aharcd by any other potcnnri 
or euspected vector in thia theatre) which corresponds closeiy with the martiij 
acasonal inddence of scrub typhoa in areas soch as those of \TintpTTr «pH Tji^Tf 
Bunna where there u a definite dry season (c) Data were pfesented ot 
which the monthly and annoal tununrer m numbers of larvae ittKhmf to ta 
average wild rat hare been estimated. TTie turnover of T itiwtsu gready 
eiceedi that of any other speaca encountered, and thia is dearly rdated to io 
succesa ta a vector 

(3) The mterrelationahip be twe en the parutic larva and its boat vm 

iBuatiated by expericnental eridence that both the population and chtmbotiofl 
of the rmtea are rdated to the population and range of movement of tlv prioopil 
hoata. Of these boata, the rat* a conddcied by far the moat generally Importtm 
for rmmencal as wdl as other reasons. 'Hie patchy (fistribution of the £saie 
and also ita rdanotcship to ter r a in arc both explicable on this Endeace 

was presented of an increase of endemidty foDowuig local encouiafcment of 
rata in negtected camp aitea 

(4) J^tognphs thusenred an example of a hyperendemk foctis (a typhos 
“ ubind ”) near Imphai The fccturca of this and many such foa are soffirienfly 
dear and uadersto^ to esahe tbeir anhdpotion pacticable by a study of rit 
photographs. 

Dt H 8 FuBer 

ntcitradou St umb typhia ta Baras aarf Aaaa, 

A (hagnm of a pordon of the StOwefl Road east of Ledo Assam, showed 
the location of certain camp aitea between the road and the Tifip Rrrtr frta 

11*8 to the 12*4 mile marha. Qnnese troops encamped here were invoived la 
an outbreak of scrub typhus during the ipnng months of 1&15 Exctediagiy 
high attack rates occurr^ in two companies cf troops. Their camp areas wov 
separated by a patch of emred jungle, but there wen no geographical bamen 
bctactn the company areai and the remainder of the areas occupied by thesr 
i qpct die battahona. Their only pomt in common was that the men shared 
the use of i grassy area at the nver • edge for bathing and other purposes. 
Erpoaurc to attack by trombteufid mites was masma] here, owmg to the £ict 
that the men aat or lay in the grass, alher naked, or clad only in loose shorts. 
Durmg the course of the outbreak, TVwafsori* ithnas Wtlch 1922 was found 
on boot coflcc tluu s m this tmaD area. 

This area at the nver s edge was made the centra] feature of the demon* 
stiaaon. It was referred to as a “ hypeimfectiTC pin-point focus, owiflf ta 
the mimbera of cases of scrub typhus scqoired hem the presence of a 
concentiarion of the vector and the le e ti Ttr y of itiama of Rxktttsit onat^ 

Or oifacf loeaDy popejoes moiW soch as BsWSesM (StMiam) {p^iliwii 
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encountered In tbe tropicx, « white aorfice emha at much radiint beat of kef 
wavelength aa a bheh aurface. It followed from thia that no adraotife ta 
thermal comfort would be gdned by wfutewaahlng hitenora and that lU nlw 
for thia purpoae depended on rta uae oo external sorfecea for reflectuig firtn 
aolar radiation. 

DEPAmnNT or lAcmuouHjr 

Dr J T Duocan 

A BiifM ronn of 

TTie aection* from papukHordnate ikln Icawnt on a nun ijej 63. 
They abowed httle aggregatioaa «if giant celli in the aupeifiaal part of the derasi, 
ui placra cpcroachmg on the epldermia, and in the cytoplaam of there edk 
numercKtf Irrge ora] thickly capaniated fungal cella metsoring 12 to 15^ la 
their longer djaraetcr There waa no Inftammatory reaction. In *otne rcapecti 
the hirtological picture luggeated an unnaual typo of blaatomycoala (GDchint i 
diaeaae) or of hiitopliainoala for the normal parandc form of HUtofUam 
ernpiMlttxm la a imall capaniated ycaat 3 to 4^ In dumeter found chiedf la 
hsmocytea. From freah bopty mateml Histoptasma cmpnUiwm wu oobted 
regetatiag in primary culture at 37* C on blood~*gar to the anuli yoat fortu, 
and at 22* C on Ttrioua roedai, in the cfaaractemuc myedlal form barug 
both the typiol Urge tubercuUted chUmydoaporea and tbe nailer kind. Theae 
tw 0 forma were loterehangeable in aabculture by merely reremng the coo^tMOi 
of cuhiration and (he mode of traaiaon from the mycriraJ to the ymt form 
wta ilhataiited tn tbe demonatradon. OcmiomHy groupa of Urge crib 
reaetnbGng tboae aeen m the learan were found m acme of the carCer cidturrt 
of the yeact form, and on i few ocowona the enure culture waa compoaed of 
very large celU auggeating mvolntlan forma, but reremoo to the • mall yeut 
form alwayi occurred in nibcolturr-. Expenmental animal inotrulatioot, nude 
when the atrain lad been 3 yeara under amhaal cultfration, the foOowmg 
rcaulta Mice injected intriveooualy with amaJI doaca of the Gving culture ts 
the (mail ycaat form, died after 9 to 12 daya and tbor orgarti ahowed the acute 
lenona of hiatopleimoala, in winch tbe hiatiocytea wen filled with mull capao 
Ittcd yeaati 4 to 5^i in dameter Howerer aa the lofcctkn waa rery acute 
and the form uaed in tbe inocuUtion was ainniar to that aeen tn th hrttKKyte*. 
t u not juatiftahic to conclude on ihn cndcnce tlorw that the amaU yeaat i» 
tbe Donnal pariaitic form of the atiam. Mice inoculated intrapcntooealJy with 
the fuagv» m tbe aaall ycaat form, and rata tuoiUriy loocnjUtcd with the 
mycelial form, developed a chronic nfccoon with no obrerred effect on the 
an health When the animala were aacnficed, 0 to 8 montha Uter chrome 
onhary lesoni were found m tbe greatly enlarged spleen the Drer longs and 
other organa and in iheae leaiont the pamte waa present in giant ceD*, m 
histiocytes or aggregated m neits in tbe Urge form indutinguishitJc frocn that 
seen in the patient s akm. This fungua may be a (peoca of HittopUm* dtstlna 
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from H capsulatum, or it may be a ^nant of this species, possibly approaching 
Blastomyces , but, on the other hand, it may represent merely a less acUve 
parasitic form, peculiar to chrome lesions Although the disease was diagnosed 
in England, the mfection may have been contracted m West Afnca, and this 
may also be significant The experimental study is proceeding 

Dr. A J Rhodes 

The use of the fertile egg in vims and rickettsial research 

This demonstration mcluded — 

(1) A senes of chick embryos at vanous stages of development 

(2) Sections and photographs illustrating the development of the respiratory 
tract of the embryo between the 12th and 16th days 

(3) Preparations illustrating the structure of the normal embryo — air-sac, 
yolk-sac, chono-allantois, allantoic cavity and arrmiotic cavity 

(4) Preparations illustrating the method of moculating eggs in the yolk-sac, 
allantoic cavity, amniotic cavity and chono-allantoic membrane 

(5) “ Candhng” of eggs 

The Ross Institute 

Dr R Ford Tredre 

Malaria control measures in the vicinity of the Town and Port of Lagos 

In 1942 Lt -Col A B Gilroy, IMS, was seconded to West Africa 
as a Malanologist , at Lagos his recommendations to the joint Military and 
Civil Malana Comnuttee were put into effect under his personal supervision 
The permanent control measures consisted in the application of Sir Malcolm 
Watson’s method of control of A sundatcus m Malaya, namely the exclusion 
of tidal waters from the anophehne breedmg zone by the construction of an 
embankment with suitably placed tide-gates and the internal drainage of the 
area so “ bunded ” Gilroy and Chwatt have described the appheation of 
this method to the swamps in the vianity of Lagos (Ann Trap Med & Parasit , 
1945, 89, 19^) 

At the laboratory meeting a large-scale map of Lagos and vicinity showed 
the programme for the years 1943-46 of this swamp reclamation method of 
anophelme control 

The anophelme vectors are Anopheles gambiae and Anopheles melas A 
chart based on Barber and Olinger’s work (Studies on malaria in Southern 
Nigena Ann Trap Med S’ Paront , 1931,25, 461-501) illustrated the average 
monthly density per room of this mosquito group, then known as Anopheles 
costabs, and the related sporozoite rate Parasite mdices from the same source 
quoted 61 per cent for all ages and 94 per cent for the 1 to 4 and 5 to 8 years 
age groups 

The report of the M O H for 1938 was quoted “ Population 170,000 
Infantile mortality rate 127 Percentage of total deaths registered due to malana 
6 3” 
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Gnphs of cotDpftnthr monthty dcnsjbes per room of A. tal 

A wteUs (1945) it i number of rtHtgei in the namty of Ligoi were »bowi 
theie wtre bi»^ on figure* prwHded by Dr R- C. MtJaHEtD Thcbbom Tbe 
my hc*Ty fill in TiUige mophefinc Infotitlon foUawing on td^icoit fwmp 
reclimitKm vu Illaitntcd by i fnph dnwn from i lumonry of weekly on 
quito dtcha orer the period Aujwt, 1045 to Nortmber 1&10 eent by Dt 
A. GmiOT 

The temm. Dr A. B. GojcoT lod Dr L. J Ckwatt ire igim wofliii| 
together under the DJtS^ hTgeni, ind it will be of greit interot to folkw 
tbciT iimutl wem nent of inopbcfioc infcitxtian of Ligoi ind tbe ulditotr 
effect on tnalirii inadence rciahutg from thc*e extemre permment field 
contred xneuuret 


LnuTOCK. SatooL or TiKiPiau. Med/oxi. 


PnrT B Hugratth Dr A R D Aduo Dr W B H Anditwi aad 
H Tottej 

t C*a>irtM« efctUeileflMb of il&fle dfius el p«)idriQ**iBd 
ts the trtalUBt el kcsln tmiaa milerU 
I ^ bndci tirfiu laiMrte dtriof • eeim el toe nf piMilw 

1 TVecaiml of B T rtlMptet mtfi tagi* deuft f pthtintu ai wupteram. 

Acute irtacks of B T mpond to nsgie onl doie* cf a Cttle a 10 nif. 
paladme. Doiei of 300 lod 200 rag me pi erine m iko tmuBr cffectiTt. A 
dote of lOO mg mepiaioe wtB not rebere tbe icute ittick. 

The pUim concentnnooi of tnMcrue ind piludnne after doea d 
100 mg and 10 nig retpeccirely are oi about tbe an>e order Tbia may be 
related to the iNiffabdity of tbe druga to tbe pamstea. 

2. of BT m*Uns Jaenm a nmru of 100 ay paindnmt (met wmlij 

Pamtea (B.T) reappeared m thia pabenta blood 3 daya after taking 
100 rog. paladnnc (during a regular courae of lOO mg, once weekly). 

Tbe abaorptUHi and excretion of the drug were normaL 
TTua la the only c**c we hare bad lo whtch we hare confirmed a break 
through of B T on a regime of 100 mg 


OUK HiartMCT 

liUtorw — P O Smftpoie, &taiaj«. February 2&12 to Antfine, 

Fin* Atffiat, IW5 Tbml rel^Me Aptfl, 1W8 b Uailad 

Tr^twJ witb dmt iflO mg Djadianed 9 weeka heer co lOO « 

paludnna oae» weekiy _ . 

Thre* wccki " frit «4d, miU ahherio*, awtaiiiic » tiuiiuit. 
ifl for fWTt loetnlafat tad on 28th Jan% had ritor and wa* admitted to Tr5p*«* 

Dimart CcQtre 


-Pafadftoa’* (ICl). 
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PtpI B MUfnmi tsd m F / tfeLaui 

Tb* Bwlantem •* rwl tMxl** Brttoe* of ■ rtniJ TiKBlif ft*** “* 
Ite MtkbbhBtnt tf wQsttnl mal ttmltttw ta tb« ntut. 

The expemnentt Uhatrtted w the cham therwed Um ifter mjecticrii of 
Kjodguhr (tchicfa jirei me to obttrucrioo of tattered tnaU \Taels tuo^f 
in the cortex) rcSei camtrictwn of other renal tcmcI* occun with the pfoductlno 
of tuffiaent degree of renal lathaetnia to crote a GoWbian hyptrttnncn. 
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S~0 lAKMUTMT uxxnxa 

An ctnokion of tporazoita, from the tiliTWy gUrvi* of four lafecttd Alia 
^‘fZyP^ obUmcd free of bactcrie, bj oting the technique docribed kj 
Gouiwn tnd Hill (1W6) Thi» cmobun ww then mtccd wrth C%innr fai. 
u t tncer ” and inoculated Into the bnun of the bird *1 12J5n p.in^ lil LW. 
Tlie bird ntt kiOed and the brtm irmoTcd at II a.m. 16 11 46 l/ 65 bocn 
later At thu Qme the aite of inoculation wu found to be dearly drfiool by 
the Chmeae mb, and the amean and aecdoat shown w er e made from the mirted 
area and stained reapectnrdy with Gientaa and with hacmatcncyiiei aiwl conn. 

The stagei of deTelopment of the parartti appear to be mamly thw 
deaenbed by Hxm and CotJUTO’t (I£M4) ta metacryptoxoilea 
KLriacicaa 

Ooanox IL M. & Hell, M A. Atm. rt^ Mtd^Parmtit 41 , tl)-lt5 

Hdti' C. O ACooiarox. F (1W4) J Dit Tl, 531 J« 

Dr D 8 Bertram 

MsUiods onalara^ la tarsadcaOeia aa Ui» tnanalnlaa t( Lr u *iiim i» 
iMtbni by UfimjUMM barao. 

Utunfected female 4. bred from cggi arc Uowed to feed om a pfnod 
of 24 boors on a caged infected cotton m piaetd on a cay of sawdust mocated 
o>rr water The go r g ed notea are coOected from the sawdust and fioffl » 
water Cray orcr wbi^ the rat m ita cage U tranafeiTOd aAer the aJkicted fctifisr 
period Tbereafter the mkea are atoced la tubes at 25* C. and mamtabedi 
mfeesaa, by perw^c blood meals oo the aosnfied tail of a white rat. 

'Hie apparatus used In these methods was exbi bated. ArtauJl wasretxaded 
in which a white rat, exposed to infecdon by nntes feeding on the bil 
CTCry 4 to 6 days orer a period of 33 daya, was found to be porili're for small 
Dumbera of mloofibnae in the penpbeni blood approximately 3} mootht bttr 
It was concluded that the transmiaamn of L. earum to white ran hy 
L. haeoti occurred In axmcctioQ with the feeding hahets of the mltc. 

Dr W E Kmhav (material suppbed by Mr H P Carter Ceylon) 
Palsnsiry acartasti s muitag la BonlsTi hi s ap tlil lj la Ctyloa 
TTiree experimental tnookeya n the Department of Anatomy at the Ceyi* 
Medical College, and one at the Colombo Zoo were found to be infected 
PntuMttryma ap _j i^ 

The extendre cantation in the lunga was iUmtrated by a scctwa, and m 
radiographa of mtact ^ nimib and isolated lungs. The tsohrtkm of most of t* 
candca was deroorutrated by radiographa foUoanng lipoidal Injectiwi d 
bronchi 

Mbs M A Hm and Mbs £• W Roberts 

Tks ceatrel of adatti aad tarns of Cmltemda vtth laait asnas* 

Eipenmenti were cariKd out at Knowslcy Park, L» erpooJ to e»tinu“ 
GcionMxan (ICl.k 
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1 not«crtpk« Btpi thorlax (k* Mu Htlki] l«nkt HmU 
•tMU tktsir IMfBtktT 

Thu tteamer which u equipped mth wvd, opentmg theatre d up et aa] 
>ini]l Ubonttory and tccommodatioii for medicii ctifi toun kmdc 1 7D0 aiBa 
of nren m the Upper NHe ProTince of the Anglo-Egyptnn Sodin. 


Dt A 0 Flsber ud Dr A 0 Lendrnm (ihova bjr Dr JfonJa Fhbv). 

Tropkal pUaUdi [a Vortbore RkodHia. IwOoni of UopQ natwfal. 

TTie coDchaon of primary tropiaU phJchiti*, fint <k» cn bcd tn &11 
n an acute febrile lUaCM mth Tmooe thrmBboou. The impTfltin bad beta 
gamed at necropoy that there wn but a amall zone of pnmary damzfc in tk 
wall of the toq and a recent acute caae innJviDg the aupecfidal juguhr teb 
at lait pronded confirmitioQ of thia new TTie atetion* re«aj a pecuEar tjpe 
of mfiammatory tiaaue compoaed of actirely paoEferating cipifiinn and n 
mfiltntuo of ^ymorpha, of unutually well preaerrtd appeartsce, and Iai{t 
aberrant wantkrrag ceOi (polyblaata) hi the oedematoua tone round the an 
oipaQanea thu granulation aaaoe appeara to mrade and dkrupc the tnaoea if 
the media, and the tbrombocta ia prtauined to be aecDodary to the mural dusafc. 
In the polybtaata, there are demmuabie latncytoplaamie Inchtsosa with feo- 
nounced phlozinophjha. These coggeat the poasUbty that a Tins U pnaecti 
and certainly the type of la&unmitory mponae ta quite unlihe any of tsatl 
pj'Dgerue Imooa FoUer detalla will Im pubiubed later (PciHzat, A. C. 
FuHnu MomCi M and LiWDBOii, K.C. J Polk, Bod la pfe«). 

FoRza. A. C (i04]> SmiM Afrkmm wm' / /A 151 Cizjroo, fWtX 
7Tb Siek AfrKon, Cape Town. 

Dr P A Gamham (ihown by Profanor Shortt) 

Ab DBOBal of Pi^smoSMm f^npart^ maiaria la scaVer oT a UtW 
tgmnTM trfa* ihavtif T «7 namareos Mhlzeats Lo U» ptrlybanl UaaA 

The caae occurred ui an adult Afncan of the highly Immune Loo Tribe 
Although the temperature roac to I05® F for few boura the paoent Sd wj 
appear to be rery ill and the attack rcapondrd rapidly to oral quuxinc. Gjetinl 
aymptomi wert abaenc 

j>r C J HaeketL 

Fkatacrapta af A/do •ftrf*’ la fllaJit. 

Sut photognpba of AfJ/i oegy-fo in 6 gbt taken by Mr W H. 
were ihown by courteay of ibc Chief Supenntendeni, Che m i ca l D-fcnce Eqjeri- 
mental Station, Porton. Thcac were made by condenaor dbeharge Euh cJ ^ 
microiecond’a duraDan acOTated by the imcct in flight pzaamg thfoagh 
interaection of two beania of light. The other equipment was cf DOfB» 
har cter 
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Dr F Hawking, Mr R Hunt and Miss P Davey 

Demonstration ol laboratory cultivation of Anopheles quadnmaailatus 
A method of cultivation was shown, based on that descnbed by Heal and 
Pergin (1946) * By this means 3,000 to 4,000 female mosquitoes can be pro- 
duced every 12 days It is hoped shortly to pubhsh a full account of this 
technique 

• Heal, R E &, Pergin, M M (1946) Proc 32nd Ann Meeting of the New Jersey 
Mosquito Extermination Association, March 

Dr K B Rogers (shown by Mr P G Shute) 

A case of quartan malaria (P malanae) brought about as the result of whole 
blood transfusion 

A female patient, aged 19, who had never been out of England, was given 
two pints of whole blood transfusion for ante-natal anaemia on 8th March, 
1946 The blood had been stored for 4 days Six days later she had a normal 
labour and gave birth to a healthy male child At the end of Apnl she began 
to feel off colour but did not call in her doctor Severe sweating at mght was 
the chief feature but it is not known if any ngors occurred before the one on 
15th June (after admission to hospital) which recurred every third day 
Blood films examined on 26th June contained P malanae parasites 

The stored blood was fram two donors, a man and a woman No parasites 
were found in the woman’s blood but a male quartan parasite was foimd in the 
man’s blood He Avas a ship’s engineer, and in 1939 travelled through many 
endemic malarious regions including the Mediterranean, Aden and Basra 
This was his only foreign service and he was abroad for not more than 5 months 
As far as he knew he had never had malaria but complained of “ cold turns ” 
after his return to England at the end of 1939 When parasites were found in 
the blood of the donor a few c c were injected mto a case of G P I awaiting 
malana-therapy Fever and parasites occurred a few weeks later The blood 
of the child was examined for parasites on one occasion but none wras found 

Mr P G Shute 

A case ol latent P male with a spontaneous recovery 
A service man (RAF) went to West Afnca in June, 1943, and was 
stationed at Bathurst and Stradishall where he remained until May, 1946 This 
man returned to England at the end of May, 1946, and on 3rd July he was 
admitted to hospital with a temperature of 105 8° F P ovale parasites were 
\ cry scanty in a thin film, not more than 10 per c mm No anti-malanal drugs 
were given for 5 days but despite this there were no further attacks of fever and 
parasites could not be found in either thick or thin films The patient states 
that he did not have a single day’s illness while abroad, and it is considered 
that this IS a case of true latency, probably due to mepacnne suppression 

The patient had been taking two tablets (0 2 gramme) of mepacnne twice 
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ucttJy beginning 7 diy* before arriTaJ in Wc»t A£nc* and liter tHi n 
dianged to one tablet daily (0*7 grantme a week) TTna contmued d»mk 
atay m Wett Africa and for 2 montba after returidng to England. K» cad 
of P CKoIe dcreloped rmhin a ahort ooje of dKcootinumg roepaermf 

Ur P 0 8hat« and Kr E UngimuD 

A Baaai of (ba rarfatia ot A wmnJrffmmu liiKi by tk 

ao4 ala of tb« mlA of Ou wtsti 

It la tner 20 Teira amce it wta found that there are aereral ranetio cf 
A wtacvhfmitu within the groap and that they can be idenQ&ed by tbe nthet 
pattern of tbe egg and abo in the malea by tbe ahape of the externaj tpeu cl 
the hypopighim. Recent obaervaoona by one of ua (E, U ) afford a meaia ri 
identifying at leatt aome of the vanetia of tbe female adulti by tbe ihipe ai 
cxe of the acalea of the wing* 

AtropMTVta — Tbe acilea are aicndcr and taper gradoally towardi the tip. 

Mmrar — The acaka are wider than in atro^amu and taper acetilj 
towardi the tip. 

Typtevt . — The aodea are wider than in awraMr and they taper lea* acutely 
towarda tbe ap than they do tn aienraa but more actudy than in atn^arm 

Eteatt.—'nie aealea are wideat fat tbe centre and taper gruJuaTly tenrirditk 
tip bot more acutely than in ttrcparvms 

Ldbramhat —Tb« •eaie* of tbe wiop of lakraarhta* are idestiaJ vitk 
tboae of airepdmu 

Dr J 0 Broom 

iimo mi-» iHkako* vttta (Mao* klQ* MfiUotu TJ asd T L 

TJ and T.5 are aqueou* aolutiona of a compound of raethyleno bhic etd 
tapoain. 

Th; aolotiona hserDolyac red blood ctlla instantaneoualy and italn parawtn 
which are not affected by the aiponin. Jnicocytea and retioJocytea. 111* 
method u meful for deroonatraang paraurea m icanty infeetwea a* they *rc 
more readily aeen in tbe abaence of red ceDa. 

rrcibejne — ith TXJ two loopfuls of ttain are placed on a *Hde and co* 
drop of blood, taken with the wet loop, is mixed with the fluid and cxamiiW 
immediately under a corerglaaa with a 1/16 inch objectiTe, tubg ether bnynt 
or dark Add iUaminaaon. 

With TA one drop of aotution u placed on the lUde and four or fi ' 
drop* of blood added, giving an ultra thick drop ” 

The dcmonatiatioo abowed trypanoaomn in mouse blood and lepteapt" 
(da k field) in gruneap g bkiod ataincd by this methoi 


SracM, H C R- (IW). Sfkwei MW ITar* Tt, BW’ 
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Mr C B Symes 

1 Chirts were shown containing preliminary data from one of the field 

experiments now being conducted by the Colonial Insecticide Research 
Team, In Uganda 

Essential portions of the data are reproduced in the table below 

2 Two of the models of mosquitoes, copied In wood by native craftsmen 

from plasticine originals, have been used for some years for teaching 
purposes in the section of Medical Entomology, Kenya 


Tabee 

KASENJl EXPERIMENT 



Sabadu 

(control) 

Mum- 

vuka 

Saba- 

wali 

Mutuba 

II 

Mutuba 

III 

Musale 

Saba- 

gabo 

Tiber of houses 

793 

440 

403 

141 

306 

485 

ualls only 

459 

roofs only 

atment applied 

ekh average of 
ector* mosquito 
nmp'es for 8 weeks 

None 

5% 

DDT 

in 

diesoline 

5% 

gam- 

mexane 

(D93ft) 

in 

diesolme 

6% 

gam- 

mexane 
(P630) 
in water 
(powder) 

6% 

DDT 

in 

kerosene 

and 

cotton- 
seed oil 

s% 

DDT 

m 

diesolme 

6% 

DDT 

in 

diesolme 

lefore treatment 
■asite rate in children 
n Mav, 1940 (before 

0 

36 

8 

82 

78 

17 

44 

xeatment) 

eekly average of 
I'ector mosquito 
,amples for 5 weeks 

20 1 

30 

35 

64 

51 

36 

27 

ifter treatment 
rasite rate in children 
n August (3 months 

8 

0-4 

0 4 

2 

0 0 

0 

0 

after treatment) 

29 8 

27 7 

22 9 

26 4 

40 4 

32 5 

44 3 


• Vectors were A gambtae and A funestus 


Mr F L Vanderplank 

Apparatus for feeding blood-sucking Insects In the laboratory 
The chief difficulty of keeping various blood sucking insects in the labora- 
tory IS one of labour imohed in feeding them Various forms of apparatus 
Inve been used in the past to maintain such insects m captivity All these 




•pplunce* *ecm to ha\e \arioui sn»« ^kben uw! \ fteti ti^ue flia. Tmie 
flia wDJ feed through a »kln mcmbfmoc £airir rtadJljr pfoildcd the laqotd 
below li •Winn and ulme 

It b dctlimble to hate metnbrsne abo\c and liqtud bekrw to that a ftj can 
be thaVen down the rube on to the tnembnoc. If thn pfocrdtire j meried It 
b often difficult to get the By ht cooua »lih the oiembrmc The reqtdmnenti 
of any feeding appantta are, tberefoie, a tDcmbrane with ImjoH irtimediatelj 
below It and witboirt any Intenenfatg atr bubbte* and thit Itqukl (hodd be 
mimtalncd at a coowant temperimrr The appantm dnoocmitcd ccniKtcd 
of thalkrv feeding dahr* mode of pertpex, and with a rat ildn rocmbiane 
ftmebed acnm the top. Blood orotherliquidaaeTe dirulatrd below Circubtkfi 
earned oot by mean erf a imall crnmfugal pump inade entirely of per»pei and 
all operated by an electric motor Bk»d wa heated by patting th^gh a 
pla« rube tunwnded with wirer clectrkally heated and ihermowancally coo- 
rtnUed to the detrred tempaatorc. Filling the ty^rm with liquid and getting 
nd erfair bobblet waj doDC by meant of a tingle emcal tube with an mlet at 
the top, outkt at the ba«e Whole blood prevented from doeting by addUtoo 
of leach and<aagulant hat been foood to be mew mluUe r rraintalo the 
t*ette Stn. Defibnoated blood abo proved auecntful Cjireied blood wav feond 
not to be to turtable Taetvei can he fnduced to feed on aJmem any Hquidt 
but iheydnGkeplamwater Thcywill feed quire readily c® anytoluikaBcnotiln- 
hig taluK. ^Vhen bdood b u»ed m n*eh an apparaim gmi rare thonld be taken 
that h don not come o coacact with any meol pam. nhrrwive lit cian p o w ot® 
tv rapidfy altered by etcmciJ aoton of the metal in tootaa witb the blood 
The blood thouH abo he rewvonablr vrenle once exrevtJ e batreria ha c harm- 
ful effeett on the fllev After utc. the tkin metnbranev can be pie v cned m 70 
per cmt. alcohol and bvt up to I month when uvfd dailr Thtv appaiaruv hav 
been u*^ to feed movqurioev and tkV bcudo glo avna a nd it vs hoped to 
pnbhvh a full devcnptian later 
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Dr John MeArthni 

A MW of nManh micTWM^ 

A imerotcope vu thoym vrUch «m to bo capable of tnj «od 

nonmUy undcrtilcn by ■ conrcndoflal t timU i mlcroicope, bat with egt aa 
■ddinortil KDtl nnotttal ibUhlc* of it* own. While carrying attndard l yM 
eqtdpiDent, mechanically it ia a complex departure from cooTcntlooal dcofa. 
and boara no reacznbltnce to tbc or<finary nucrotcope. 


TTitt nucroAcope meuum only 4 x 2J x 2 mchca and wtigha 
2 Ib bat apart from rti amaU aiae enormoua ngidity and conrenitnce 
bandEnf, wtudi make rt an cxceOent travdJmf uatnimcnl, :t ba» fcntbcr 
adrantigcs by which it challengea the poaiUOQ of the CDorcnMod 
reaearth ndcroacope for example automatic focusing erect imige fr« 
icceas to the object, for stainiog and nucrodiasection, eten while onder 
ob*cmtIan by an oil inuDemon objecn and aimplified operation. Faabw* 
are provided for a fall rang ofacccasonn. 

A full descnpCon of the mstmm'xit will be publtsbcd m a forthen^^ 
number of tbe Jotmul of tie Roraf >f»cyoirof»fa/ Sanrty (probibb ^ c4. LXVl 
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counrut. xmimos 


PjttVALEscB OF Ntmunoxii. Dtfnj£.HCT Disujz axd Diiuia Phut 
ArnUBcTULE to MAUrurimax, 

Some ol the most recent figures showing the occurrence of Stofo ix 
to djcury deficicnae* arc tbotrn In Table I 

’ntese data are down from anma? repents c£ medical departootL I 
wish paroculaily lo remind yoo that the fig ur es refer to patients aeeinif in* 
CDcnt at hoapiu^ cr <fispiRimlea they leave out of account the tick «ho ii 


Tuu I 

ocLiauMa oe arnramereu. pgr tt aptcT o* coto^u. Turrom (tt rs 'UO 

isaa-iau. 



TtHw I tD % u* frooi pspB rtarf br I* ro(«waT Fjjitt "rtucti wJl b* 
LQ th« /*l■n»dbnl ifti^R$\*iS*rirtr 




B S PLATT 


381 


not reach the doctor and, more important still, they provide only an indirect 
indication of the extent to which malnutntion occurs in the population generally 

The mam observations on these data are — 

(1) Benben is still a common disease and cause of death in Hongkong and 
Malaya 

(2) Pellagra is a problem m Hongkong, Nigena and the Gold Coast, and 
recently in Basutoland 

(3) Scurvy is not uncommonly diagnosed m Bechuanaland, Tanganyika, 
Northern Rhodesia and Nigena 

(4) Rickets IS reported from Nigena and Aden in fair numbers , it is given 
as a cause of 605 deaths in Ceylon in 1944 

(5) A large number of diagnoses of nutntional deficiency disease of unspeci- 
fied nature oceur in the returns of medical departments, and not infrequently this 
IS given as a cause of death , for example, sixty-nme in the Gold Coast in 1944, 
seventy-two in Bntish Guiana in 1943, and ninety in St Vincent in 1943 

In Table 1 1 are recorded recent data on the occurrence of five diseases 
which, in part at any rate, are due to poor nutrition 


Table II 

OCCURRENCE OF DISEASES PARTLA ATTRIBUTABLE TO MALNUTRITION IN COLONIAL TERRITORIES 

leae— 1946 


Disease 

Temtones 

reporting 

Notes 

Anaemias 

14 

Mauritius 6,774 cases, 1938 

Nigeria 6,632 cases, 1938 

Cyprus 2,883 cases 1938 

Kenya 1,362 cases 1937 

Tropical ulcer 

16 

Nyasaland 28,029 cases, 1944 

Uganda 26,366 cases, 1936 

Gold Coast 16,921 cases, 1938 

Infantile diarrhoea 

27 

Nigena 4,292 cases, 1943 

Kenya 3,610 cases, 89 deaths, 1937 

Gold Coast 3,109 cases, 1944 

Uganda 2,634 cases, 1939 

Toiatnua of pregnanc> 

16 

Nigeria 1,729 cases, 63 deaths, 1943 

Sierra Leone 479 cases, 1943 

Bntish Guiana 19 deaths, 1943 

Tuberculosis of the re- 
spiratory system 

38 

Hongkong 6,761 deaths, 1940 

Malaya and S S 4,911 deaths, 1939 

Ceylon 3,141 deaths, 1944 

Jamaica 1,620 deaths, 1943 
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The prenjcnce of troptcti ulcer u apeatlly high la many tefnlam 
peOcTiti tuffena^ from thU doeue are lo mtmefOiit tbtt tempoarj umclijm 
bare to be added to boapltali to accommodate them. A tur g e u n In a 
m Eaat Afnca told me In 1933 that 90 per cent, of hia dme »peat oa opentna 
OQ thm grafting id the treatment of ulcen 


Iktamt Ain> hUrnatiJ. Moaraurr Rath. 

The data arailahle oa infant and matemal mortiEty uc inaccncite ba; 
cren if the error* are large they abow that there b need for great proptn n 
maternal and infant nrdfare. 
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The Chief McdJcjJ Officer of Health (United Kingdom) report* 
both nfant and matcroil mortality ratea in ihia country are oow at rtcom 




]o\\ le\cl This IS in spite of vnr conditions, and maj well be related to the 
impro\ed feeding of mothers Contrasted with this report is, for example, one 
from Mauntius (1945), showing an increase in infant mortality rates from 
141 to ISS per 1,000 hw births, and in maternal mortality from 8 73 to 14 96 
deaths per 1,000 births 
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Infant IIirth Weights 

One of the most interesting nutrition investigations in recent yuars has 
been concerned wath the state of nutntion of the new’born infant and the 
occurrence of complications during pregnancy, labour and delncrj' in relation 
to the nutrition of the mother during pregnancy (Burke, Harding and Stuart, 
1943) For example, the birth weight of an infant is related to the total protein 
in the mother’s daily diet during pregnancy , thus boys’ and girls’ weights 
increase from an average of 6 lb 8 oz and 5 lb 14 oz to an average value of 
9 lb 2 oz and 8 lb 8 oz respectively, according as the daily diets of their 
mothers contained under 45 grammes or 85 or more grammes of protein 

Table V on page 384 shows how the average birth weight increases vvith 
the soaal status of the mother and that the birth weights of Asiatic and African 
infants of poor mothers correspond with those for infants of American mothers 
at the lowest level (less than 45 grammes) of protein intake per day 

Evidence of Malnutrition from Clinical Researches 
1 should like to remind you of investigations which have been made in the 
past decade in many colonial territories, notably Ceylon, Uganda, Nigeria, 
Tanganyika, Malaya, Mauritius, Hongkong and the West Indies You will 
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no doubt nnnwdiitcly u*ocutc Barnes wuh work oo malflutntjon in 
temtoncs, the results of many of which hsre bee p reported to the Soocty 
njcse inresdgxtrons demonstnce beyood doubt that there u disease due to 
mabutstioQ m coloniil tenitones 

Recently (Dr "UATtmLOW 1W6) « member at the tuff of the llumrt 
Nutntion Research Urut, hat inreapgated a munber of cases m tbe Wc»t 
IncEes of what I hacc called " cufxr babtea. These uiftnts which hsre b*«i 
fed on a <fict high m orbohydrate and low in protein have groaaly fittty brer*, 
eitr ci Ddy wasted skeletal mutclcs and, coterafly oedema. They hsre, hoarrer 
only mmof changes of tbe akm and hair that differenCtating them m 
from tbe kwashiorkor of OoiV Wiuiaus or the mafifnant mtlanCn 
tion of Tacnsnu This fatty Hcer disease can be cured by feeding milk, the 
effect being attributshle to mltk protein. It seems from a conslderatwa of tbe 
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results of this investigation, together wth other observations on man and on 
experimental ammals, that some dietary defiaencies may give nse to liver 
cirrhosis and possibly to such impairment of liver function as, in time, to affect 
the utihzation in the body of nutrients It is important to appreciate that the 
effects of disease, whether due primarily to malnutrition or to zymotic factors, 
may m various tvays modify the requirements of the body for nutnents 

IMalnutrition in the General Population 
I do not need to stress before this Society the difference between estimates 
of the prevalence of disease or of the state of health m colonial territories deter- 
mined from hospital returns, and those obtained from surveys of samples of 
the general population Whilst the kind of data I have already presented may 
provide some indication of the nutntion problem, a satisfactory measure of its 
nature and dimensions can only be obtained from surveys for evidences of 
nutntional ill-health, preferably combmed wth a study of food consumption, 
of food supphes and of vanous factors hkely to affect the food economy 

The method of assessment of the state of nutntion of man has been dis- 
cussed many times, and vanous indices and devices have been invented to 
assist in makmg assessments In China, in 1935, I started to record such 
signs and symptoms of nutntional ill-health as could be obtained on a simple 
clinical examination, and continued to use this procedure dunng the past 10 
years I admit that there are still many difficulties m interpretation, and these 
I have considered elsewhere (Platt, 1944 and 1945) 

Prevalence of Signs of Nutritional III Health in Three 
Communities 

I have selected from a number of investigations three sets of data showing 
the prevalence of a few only of the minor signs of nutntional ill health The 
first is a group of Barbados rural and urban school children examined in 1944 
(see Figure, page 386) Signs are common in hair, eyes, tongue and skm, as well 
as dental canes Half to two-thirds of the children had one or more of these 
evidences of malnutntion which in general are the results of insufficiency in 
the diet of protein (or more correctly possibly, of some amino acids) and of 
vitamins of the Ba-complex 

The madence of these rrunor defects was similar in a group of rural children 
recently exammed in the Gambia (see Figure) 

The data shown for Nyasaland are the combined results of exarmnations 
of the inhabitants of three rural villages and of a number of famihes in an 
urbamzed area Again the same manifestations occur, but many of them are 
of more frequent occurrence than in the other two areas (see Figure) 

For companson, I may quote the results of S3fstematic chnical surveys 
conducted by the Mimstry of Health, dunng which, of 20,235 people examined. 
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“ onlj nine showed evidence of deficiency disease, only 0 / per cent vs ere of 
‘ poor,’ and onh 10 5 per cent of ‘ fair ’ nutntioml state ” (Magef, 1946) 


NUTRIENT CONTENT OF DIFTARIF^ FOR THREE SELECTED COMMUNITIES 

Before looking at the nutrient content of the dietaries of the sample com- 
munities, may I give you the Ictels for \nnous nutrients which may be con- 
sidered reasonable and desirable for the population of colonial terntoncs 
(Platt, 1946c) The values are given on a per head basis for a population of 
mixed age and sex groups (Table VI, column i) 

It IS of mterest to compare these wath the amounts supplied in our diets 
m the Umted Kingdom in 1944 (Table VI, column ii) 

In reading the amounts (Table column iii) in the diet of the Barbadian 
(Platt, 1946c) it should be noted that these v'alucs arc only an indication of 

Tadle VI 

NamUENT CONTENTS OF DIETARIES. 



Values 

re com- 


Nutrients atailablc per head per da} 



immediate 
objectitc 
for popula- 
tions of 
colonial 
territories 




N}saland vurve}, 1038-30 


UK 

1944 
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hill 
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utdinduil istiko beouse they are calculated from total food suppSet Bkl a 
u recogniied that there are rnequalitica of dtambotian. Food 
data obtained from dietary tui’vcj* of mdindoals or amal] g r oupa (ire rJn 
■boot 10 per cent. Ina for notnent mtakc than when obtained from data ea (ra 
food fupplrtt Compared with the lercU of reginraiicnta I hare pra, 
there are ouatanihng deSdenoea of proteio, B-ntamint and caknnn. 

'Hie Taluex for a sample Ornbian rilla^ compound were obtmard K 
« ophing the food eaten. The data gi \ T u m Table VI cohmm ir are ftea 
our dietary turreTi made at 3-moothly Intoralj throogbnrt the jrar {Gaia 
PreBrainary Sur i ej l&lo-W, Docaarr). 

They meal defictenaes in natnent intake tinular to those of the Btfbadn 
dietary the low intake of calones ahould be noted and the low Tl^x f« 
ntamm A, which u practically all carotene and not p iefwm e d ntaintn. 

The Njanland data bare again a dmilar paltcni (T^blc T-eS) 
and are taken from dietary surreyi in 1938-39 (Pl*tt 1947) ertcruRat sth 
10 monthi m the rilUgea and 1 enonth id the urban area. On the wheJe, tie 
Nytaaland dicta are poorer in the fi,*vitainm9 tboae of the other tv« 
groupa. The protem in the three groups with valoea of 50 ® and W founna 
per bead per diy waa eery largely from mane, which has been known for anij 
years to be partiailariy deficeeai m the ambo-iod tryptophan. Some ef d* 
pfotgn of the Lakeahore nOage ifiet, and nest of the calaum, were daiRf 
mm 6ih. The calorie nits of these four dieta ta also remarkably kw la 
none of these eraloatioDi of outnent content have aliowaacea been nade fat 
losses m coobog 

Perhaps these examples will suffice to indicate the state cf aotritMO a 
widdy separated and rc pr r s eTOativc groups of colonial pmka o judged by 
cliiucaJ endence and lupportcd by m eauganons into lood coosomfO*- 
TTiese groups, and undoubtedly many Gk them, are not getting enough food 
to enable them to do a good day s work, nor are they getting enough tf a®* 
notnenta to maintain them in a r easona bly satufactory state of beahh 
rtatstance to diacaae can be done to improrc this state of affaha 1 


PLAXKrro TO mraovs rut Nurmino^ or cotowut. rrortr*. 

At the Royal Sodety Empire Soenttfic Conference (PuittX h ww 
mended that essential food Actors — duroina and food concentrates — 
be mjfti- trailable so that colonial peoples haeing fnmk dchaency d*** 
could be trealedi, and suffering and loss of lift thereby aeoided 

I haee ibown m lEscuaalng measuies for the impiovcmcnt of natn Poo^^ 
the Bntuh West Indies (Platt IWSb) bow certain ateps as, lot 
increasing the nutrient content f wheat flour can be taken inuDcffiateiy 
cotnimmiQes which bare an economy organiard to be able to apply 
of the hnrt we bare used oursdres m our war dmc food controL 
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In the mort. pnmituc communUics, the imjor problem, to u^c the ^\ordb 
of Sir Philip Mitchell in a recent despatch to the Sccretarj’ of State for the 
Colonics (19-16) 

“can be stated simph and plaml} bj sijmg that in if^iorant man and 
his wafe a\ath a hoe are a totalU inadequate foundation for an enlightened 
soactj, a high standard of Imng and elaborate social seraaces, and that 
unless an altcrnatiac foundation capable of bearing these things can be 
devised or, when it exists, can be expanded a great dcil of modern talking 
and wnting about colonial dcaclopmcnt and welfare is moonshine " 

I have gi\xn elsewhere (Platt, 1946a) a summarj of the x'arious factors 
which maa ha\c to be considered in attempts to increase the amount and 
aa-ailabilit) of food supplies 'I'lie improaemcnt of nutntion is certain to be 
a complex procedure , it imohcs the co-operation of various departments and 
agenaes , it needs to be carcfullj planned and wall be effective only b) the 
combined efforts of the producer, consumer, technical and administrative 
personnel, as well as the medical man It is to be hoped that “ combined 
operations ” wall be undertaken throughout the Colonial Empire, applying 
suitable incentives, modern methods of food production and technology, 
improved hygiene and medical care and education 

Slides illustrating vanous signs of rutritional ill health were shown , 
some of those affcctirg the <kin have already been published (Piatt, B S , 
1945) 
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like that after a definite illness How does nutrition come to affect so well 
recognized a racial character as the cross-secUon of hair ? 

Professor Platt showed us tables of weights at birth in different races 
and under varying standards of nutrition Years ago I compared the weights 
and heights of Afncan, Arab and Indian school children I found myself unable 
to determine whether differences in diet or differences of race accounted for 
the characteristic group figures It seemed that the Indian ceased to grow 
at an earlier age than the European child How does the racial hormonic 
system reflect the food conditions of a people ? 

I am afraid I have been a little abstruse I do realize that, unless we take 
him in hand, the pnmitive Afncan may pass out from the modern world as 
did Neanderthal man wth the ice ages 

Dr J B Davey I should like to associate myself with the President’s 
eulogy of Professor Platt’s very interesting paper I can only speak for East 
Afnca We have been waiting with some impatience for the report of his 
survey going on in Nyasaland, but tonight we have been able to enjoy some 
of the fruit of it His figures seem to confirm the anxiety felt by those who 
have worked in East Afnca about the nutntional state of the natives there 
It has seemed to some of us, to those who are not experts, that previous investi- 
gations have been too much concerned with specific deficiencies m the diets 
— of salts or vitamins Professor Platt’s investigations confirm Dr Richards’s 
work in Northern Rhodesia on the Bemba people, from which I may quote 
It saj's the average consumption of cal ones per day vv'as only 1,706 for adults 
dunng 8 months of the year, and in February and March it vv'as only 816 
The report show's gross dcfiaency of animal protein, and Professor Platt’s 
figures confirm tliat largely It seems to me there are three outstanding facts 
as regards the problem in East Afnca The first that there is widespread 
and severe undcr-nutntion at the present time Those of us w'ho examined 
a lot of joung recruits dunng the recent war were struck by their miserable 
half-starved ippcarincc, and actually the weight standard of recruits had to 
be reduced to 8 stone so as to get enough men The second point is that, in 
the past, there was a high standard of nutntion Manj early travellers say 
what fine people the natives were phj'sicalh, and those of us w'ho examined 
natives for the Witwatcrsrand mines in the early part of the century' can certify 
that thej wen. fine strapping fellows The third point is what the army has 
made of these miserable half-starved recruits in a very short time on Army 
food, vvath plenty of meat, those men were practically unrecognizable This 
point is of some importance in arnvang at an opinion as to the prevaous state 
of affairs There have been vanous Commissions investigating these matters, 
and they all agree on two points One is the lack of good class protein, and 
the second is the gross insufficiencv m the total amount of food These arc 
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Secretary of State for the Colonies said that the game reserves in Kenya 
amounted to 15,830 square miles and those m Tanganyika to about 24,000, 
or a total of 39,830 square miles Scotland’s total area is 30,410 square miles, 
so that m these two countries alone we have devoted to game a considerably 
larger area than the whole of Scotland , and naturally the game stray out of 
the reserves on to the cultivated land beyond I happen to have lived in a 
game reserve, and I know what it means to a native to live in a game reserve 
He IS not allowed to kill the game within or without a game reserve It is 
well known that the Union of South Africa have a problem because of the 
game in their country, and that Southern Rhodesia has been faced with a 
simdar problem They are self-governing colonies, not to be deterred by 
sentiment at home They are going to deal tvith the problem, and I should 
like to ask Professor Platt if he knows what the colonial governments are 
going to do to afford Afncans that protecUon from game which the farmers 
of South Africa and Southern Rhodesia have demanded and are obtaimng ? 

Major J A Manifold Mr Chairman, I don’t know whether it is the 
custom for Professor Platt to wait until the discussion is- finished or to answer 
questions at once, but if he is going to ivait may I be allowed to steal some 
of his thunder It ivas the last words of the previous speaker. Dr DAVEy^ 
that saved his bacon In the first part of his discourse he had dragged a 
“ hormonal ” red hernng across the path of those of us who have recently 
been trying to deal ivith nutritional conditions in India and other parts of 
the world 

I have been in many tropical countnes in the last 10 years and have been 
appalled at the lack of money and the consequent lack of protein in the diet 
which is so universal Surely the whole thing can be summed up very easily 
in the fact that although money is the root of all evil, lack of it and lack of 
protein intake go hand m hand I did not really understand the conditions 
existing in our Empire until I saw the awful poverty that exists in India, the 
brightest jewel in our crown ” We are about to lose her but if we nd our- 
selves of our responsibility for her we shall also lose our debt to the Indian 
races, which is to raise their standard of living Our great handicap in dealing 
with chronic malnutrition rather than frank deficiency states has ahvays been 
to lay our hands on some particular recordable point, and I would as k Professor 
Platt whether the people working on nutrition and those working on blood 
could not possibly wnrk more closely together ? The only index of any value 
that I have found consistently associated with a chronic nutritional deficiency 
IS the lower haemoglobin level , yet when one reads papers on malnutrition, 
the authors have usually passed very lightly over the haemoglobin level Most 
of the statistics are built up on personal observation rather than on indisputable 
scientific fact, eg , one records this man has hair standing up straight, whether 
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it a curiy or dry ot g^o«y wid whether he h» i Ktre toofuo t coloured toojiie 
ind w on. All tuch record* ire too heble to per*on*J interpretation and Tina 
tion, where** by u»nf the htemoglohn letei, aay per 100 of popolatioo, we 
hare * recordable index based on * tmglc tdentific obaerration. At the pceacnt 
time there !* conuderable wution In the luctbod* o*ed to record hicmoglotan 
lereh, bat I under*tind that the National FhniaU Laboratory m conjunction 
with Proieaaor E. J Knto haa produced what I bcCcv-e wiB be an tnnrei to 
the problem, » r a realty useful standard baemoglobuionieter usinf pbotometric 
prinidplca. 

With a kjw protein lerel due to chrome protein defiacncy you uwally 
get ■ low haemoglofaiQ lerel and I fed that the method of Hnoi and Lkhuah 
□ sing a modiBcd Van Slyke apeofic gravity method, enable* u» to aunrey an 
enormooa number of people eery qoicUy It does not take long to t drop 
of blood and blood film can be made at the same time. Surely malina, poverty 
and low nutndoa go band in hand aud I feel that if we concern ourselfea with 
tangible retulta aberut the nutnQonal atate of the Coloniil Empire, we shall 
then almost aotoauQcaUy get nd of mahru. 

I ak Professor Platt whether a yardstick of notritian could poasihly be 
cenacmeted which would be rather moie *aenti£e and not so QaUe to attack 
on the grounds of personal obaemQon than those osed at present Coold 
one poadbly aay that the haemoglobin level per 100 of populadoo is so and ao 
and therefore the atate of Qotndcai la auch and todi ? 

Or 0 C ChestarmAD Mr President, if 1 ay aomethuig m defence of 
the ignorant man, wuman tod a hoe it wiD not be because I want to detract 
from the urgency of the tbesiB of tmngbL It wiU only add to the urge we all 
feel that we are In some way responsible for tbe condition and most remedy 
it My own expencnce has been with i good type of negro in the forest are* 
where crops can be sown and harvested aB the year round. There I hsve 
been impreaaed with the good physique of the people and tbdr good food 
aensc, whether this be instinct or tradition. The woman when pregnant t* 
ahnys given tbe best fish. Eggs and fowl are taboo to her but the gets her 
increxaed proton from the hih. She also adds to her (fiet a certain kind of 
earth which is nch in calaum. Tbe natives know the need fer acemory food 
factors. One favourite sauce u a rarttare of salt, palm al lemon jmee and red 
p e p per 'Hiere you hare A, C and D and any defiacncy of B u made up 
from palm wine. Instinct or custom assure* the sccestory tsetors, tnd the 
exchange of product* b e tween fishing bunting and agnculturtl tribes lesd* to 
a reasonable distribution of the nutnOonal factor* required. The opposite i* 
only too often tbe caac when Indiatnaliaaaon come* in, or wben you have men 
crowded together in prison* and other pfacea. Piofcaaor Platt started his 
lecture with a diagiam showing the weight of bahic* sccording to maternal 
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protein intake Native women seem to have realized this themselves His 
last remarks raised the question of birth control Here also native tnbes have 
something to teach us The husband is often kept as a grass widower imtil 
the woman has finished suckling the last child There is something to be 
said for the ignorant man, woman, and the hoe if left reasonably free to look 
after themselves But having come in to upset his simple economy, it is 
obviously our duty to set him up on a higher level 

The President If I understood Major Manifold correctly, he rather 
suggested that a single test among the African people would be the haemoglobin 
test, and that if that was done it would show whether the subject was suffering 
from malnutrition, and it would be unnecessary to go into all the details of 
stiff hair and so on Is that so ? 

Major Manifold Not exactly What I really meant was that it was some- 
thing absolutely recordable, an absolute scientific fact 

The President That the low haemoglobin is an effect of malnutrition ? 
Major Manifold Yes 

Dr Lucy Wills I don’t feel competent to speak on the matter, but 
broadly I think I should agree that we could get some indication of malnutntion 
from the presence of anaemia For example, in my experience, if people were 
well fed the anaemia associated with hookworm infestation was never as severe 
as in lU-fed populations, and Europeans on their high protein diet hardly 
suffered at all from anaemia, even with heavy infections But though wide- 
spread ana^rma in a population can be considered an index of malnutrition, 
a population may suffer from a deficiency state without very appreciable 
anaemia In individuals anaemia is no indication of their nutritional state 

Lieut -Coionei J H Waiters Mr President, I would like to quote some 
examples drawn from the Indian Army because, although this subject is not 
qmte within the ambit of the discussion, one gets some idea how this malnutri- 
tion occurs There is a speaal Indian Army diet both for vegetanans and 
non- vegetanans Compared with the figures the Professor has given, the essentials 
are well above the nummum requirements The Sepoy gets about 3,500 
calones a day provided he eats all his diet , yet you get the curious anomaly 
on active service m base areas of men showing grave nutritional deficiencies 
in the imdst of plenty That can usually be explamed as a deficiency in animal 
protein In the Indian Army we get qmte a number of controlled experiments 
in that a single unit hving under identical conditions, and exposed to the same 
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ruk* of lofcctioQ, II divided into two type* of roan — the rTpin ^rho geti a imall 
meat ration in addlUon to hit bcnc Ttgctanan diet, and tlw cmn on a Tege&rltn 
diet alone, AD of ua who deal with Ipdiao troopa have had exaiiiplea of grave 
roalnmntion anting among the Ttgcuriana wh2e the mtat-eatjng el ementaln 
the nroe uidl arc perfectly notmthed. Id Egypt, from a bate area, from one 
fuch unit, I treated utteto coca of gr a ve malnutrition aroongit the vegetanaju 
and none at aH from the meft>otnig company In a bate botpital in India 
I recently treated forty two cuea of grave nutntiontl deficiency from one 
battabon evacuated frocn Banna, of whom thirty-nine were d ni w u from the 
regetiiian Jit companlei and only three from the meai-eatiag Rajputtoa 
Mahommedui compaoieB, althoogb the unit wat compoaed of Jati and 
hlahommctfiana m the propomoa of 2 1 TTie defiaency tyndroroca are, 
firvt of all, a grare macrocytic anaemia. A man with thlt it very wtah, but 
be walla in lomebow He may have a kaemogloUn of only 3 5 grammea per 
100 C.C. The aecond mamfatatxm ia the apruc tyndTome. Amoogat auch 
v t geta nagi one aeea caaes of very aevert apme vnth maratmus atrophy of the 
tongue and groaa ateatorrhoci Thlt, m my crperiencc reipondt to heavy 
doaei of mcodtoc tod, althoogh at the height of that doTThM they appear 
to be unable to abaorb tha cubataoce through that aluDcntary I bare 

given coch a mao 1 000 nJEDgntgunea duly by roomh. yet be haa faded to ihow 
the afigfateu rymptoma of riao>^iat>tlon yet ruch ettea do improve dramatie 
ally when tb^ are grren dcotiok add pareotaDy in data of 150 to 200 
milBgrainzBa a day Thu malnutnoonta condiooncd by prejudice and custom. 
The Jat in hts rillige » a fine healthy frOoir I hare caught anhan rdabrea 
of my Sepoy prtiefita, and ewmlned them at controlt. TTiey were extremely 
bodthy people The rcaton la that they dithhe any form of animal protem 
other than milk, and m the Army on active service you can only give 2 ouneet 
a day of condensed milk , which t* qute loaufhaent. In Burma, after the 
campaign was over and in hftlaya long after peace wta prtxJanned, you ttiU got 
thcM heavy wutagea becaote rich men could not be penuaded to take a 
reasonable rneat ration. 


Dr H S SUniiBS From the rfisciuaran which hat followed PrDfe»*or 
Platt*! very Intcretlmg paper one lesson would appea to eme r g e — inter 
ferCDce on our part with the nztrve cattom of the naUre populaUam of Afnca 
u aasocuted with a.)owered state of nutndoD. Endemic diaeata and occauonal 
t^rrir^ may take their wH bat on the whole the bulk of the popuhtma wa 


Satee the LiraC-Cokawl 01>w*rci. R A.1I C, has brought to aoOea 

_T_-rr-.r « b dw r«m fat tg et Mi h a troop*, which were brc«*ht aito fbrw on ih* 
Bnnmfrwtlaitto IWt w*h amWwable rvdortjoo in the wa*e«e of nwopower tbrooeh 
nwknitrttfan. ^ et maery deflekney from »U*Ta. tryvd by me 

k) chrraw the p«t fl toonlb*, tttted that no toeh fctereawd mflk ratwo bsd ivwrhwl 


them. — Fo 
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healthy and happy Dr Davey’s remarks were perhaps the most important 
contnbution this evening and worthy of the gravest consideration The whole 
problem of native nutrition had to be tackled as Professor Platt has said, 
but the subject of nutntion is by no means yet fully understood, and it is to 
be hoped we shall proceed slowly and avoid the mistakes of the past 

Professor B S Platt (m reply) Obviously there is much more that has 
to be done before we really understand what is happening in tropical ulcer 
Lesions such as these may be the result of factors from two or three groups 
— infection , stress factors of vanous kinds as well as malnutrition , there is 
also the time factor to be taken into account, also the results of such disturb- 
ance as liver damage over penods of years interfenng with metabohsm. 

About the endocnne influences — ^no doubt there is a relationship between 
them and state of nutntion The best example, perhaps, is that of iodine 
in nutntion in relation to the function of the thyroid gland I remember 
an old Afncan gentleman in a certain area m East Afnca being very much 
worned because the young women of his tnbe were maturing much earher 
than they should have done to fit m with the time of the initiation ceremonies, 
and they attnbutcd it to a change from the use in the diet of potashes to common 
salt Some day we may discover a relation between potassium and sodium 
contents in the body and some of the factors controlling endoennes and the 
sex glands 

I agree with Dr Wills about the place of haemoglobin levels as an index 
of the state of nutrition We do take measurements of haemoglobin levels 
in nutntion surveys and they are of value There is evidence that reduction 
in haemoglobin le\els can contnbute to the development of signs of insufficiency 
of certain nutnents This is not surpnsing since most dietarj’’ substances are 
concerned in processes invohnng oxidation — and we depend on haemoglobin 
for the carnage of oxj’gen to the tissues of the body It is incorrect to say 
that our observ'ations are based on impressions , our records are based on 
physical signs of disease of the skin, mucous membrane and so on 

I have got no answer for Dr Davey I do not know what is in the mind 
of the Sccretarj' of State about the control of game Dr Chesterman was 
speaking about the wajs of the Afncan I could add many more examples, 
and I ha\c learned to be very respectful of traditional practices and old wnes’ 
talcs in anj countn Those who know some of the work we ha\e done on 
the fermentation process in Kaffir beer* wall appreciate that w’e have been able 
to produce eiadcnce that some of these products should not be discarded from 
natiic diets without putting something else of equal or better food value in 
their place 1 am puzzled b) the observation about the small amount of meat 
in the diet of Indian troops making all the difference to their state of nutntion , 

• Puirr, B S Proc Xutr 5oc , 4, 2 



It t c cg n to me there luat be other (actoTi it worh — perhips some of long 
•Undtng 

FmsDy refemng to Dr STAlflfi*'* remirks, I prefer to ose the irord 
sophisbcetion nther than ‘^arlluatiofl when ippl ed to some of the 
changes which tre taking place I regard drihaadon as being characteristic 
of the Chincae scholar and his capaaty for enjoyment of aome of the simple 
joya of hfe, a cottage, good food and wine and Umrature. It ta a rather rfifferent 
picture from that which one aeea in, for example, the back atreeta of Lagos. 
The trouble is that changes are going on so fast that we cannot afford to wait 
I think we base to act quickly I ih«nk we bare to amd the In-^ we made 
m oar own Indmtnal rerolotkm. \Vc hare the benefit of seeing the mrstatra 
we made in our own country and ste nnift not repeat them In Africa. l\c 
htTe got to get a more on but sre muat do the job properiy when we do iC 



399 


Transactions of the Roaal Societt of 
Tropical Medicine and Hygiene 
Vol 40 No 4 March, 1947 


COMMUNICATIONS. 


an epidemic of riboflavin deficiency in INDIAN TROOPS 

BY 

A M THOMSON, mb, ch b , b^c , Lieut -Colonel, R A M C ,* 

Lately Assistant Director of Nutrition, India Command, 

AND 

D FREEDMAN, mrcs, lrcp. Major, R A M C , 
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Early m the spring of 1943, m a small isolated station on the North-West 
Frontier of India, some men of an Indian mfantry unit reported sick, com- 
plaming of sore throat, hoarseness and dysphagia In a few cases there was 
aphonia Routme chnical exarmnation did not reveal any obvious cause for 
these symptoms apart from some congestion of the pharynx and soft palate, 
but the presence of a vitamin B, complex deficiency was immediately sug- 
gested by the presence of a characteristic glossitis associated m some cases with 
angular stomatitis All men m the unit were examined, and out of 509 seen, 
104 showed well developed mouth or throat lesions, distnbuted as follows — 



More thxm one 
sign 

One sign 
only 

Glossitis 

Angular stomatitis 

Injection of the soft palate 
Phaiyngitis 

1 


■ 


^ e TOsh to thank the Director of Medical Services m India, and the D M S , 11 
Army Group, S E A C , for permission to publish this paper, and Bng F Harris, c b e , 
M C , for enabling us to make the investigations We are also very grateful to numerous 
officers, in particular Lieut -Colonel J J O’Dwyer, R A M C for valuable assistance 
and encouragement 
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SeTcntj<wo of these cates alto shoHcd changes resembLng macentkm of the- 
mnccui membr ane of the cbceii, at the le«l of oedosko of the teeth. A fe» 
men cocoplained of lachiymadcai, but no eye kskna wne xmble on ordliury 
examinatKxi. 

Enquinet as to the general phystcnl Agency of the men In this unit 
a trhede Indkated that umugb they were coDsUered to be reasonably fit for 
war t al c Ties i had beat apparent for tcrertl wccLs, manifesting itself as 
absence of high spirits and impaired capadty for natamed bard wort Thoogh 
the men ccnld srill mardi long distances, they could not undertaLe rau^ 
phyikal labonr at the end of the march, as is normally eep e i ied In a really 
fit unit. 

ParLotKAaT Inx-xstsutiox. 

Some yeast autolyete (regenuie) and nkoonic aod were immedia tely as ail 
able, and so tony men were diosen ai rmodom from the Ki4 cases alreadr teen 
and dirlded into three gnxrps of twenty eadi, for thoapetme testa. 

Group I Eadi nun was gtren 500 mg of nkotmic aod by mouth daily 
for 14 days. There was no Improrement in the ksicins, and m fire cases the 
gloisitu became srone. 

Group 2. Eadi man receited 1 o* of yta« earract daily Impnnetnent 
m the tongue cooditiao was endent after 7 days and after 14 dap all cases 
were ehber cored or much anprored. 

Group 3 No trearmeot was giren. There wa increased serenty of 
iessons In four cases, and in the others oo change. 

On complenoo of this prdimmary maL the whole mut «as gt en 16 
fluid oonca of milk per man dally m addition to the itsiol rations A rimited 
nodt of yeast extmet was abo giren to all the men (whether showing mouth 
letloDs or not) in doKs of i or. daily for 7 dayv follow ed br i oa. thrtcc weekly 
for 3 weeks At the end of the mooth. of the onpnal 1D4 weil-deicloped cases, 
there were only eight who sdll ihorred definite Wons, and the^ were mtxh 
tm p rored No fredi cases appeared donug thi time The rfficer cotnmirtdjtig 
the unit remarked oo a nesr spirit of breliness and cnci p r apparent among 
his men, 

The extra mdk arid yean extract were then toppetl After 3 weeks oo 
ordinary rtoons onlr sfartyKhrec of the cored cases had rcbp«ed and sermceen 
new caaes had appeared. 

Meanwhile, the foDosnne facta irgardlng the pres oiis Wstorr of the nnir 
emerged. It had imred In British Iiidia from an Indian state in IWV iroce 
sthen it had terred m rarfous sranons In the North West Fmorier regtoo The 
dally ro u tine had a a mlc. been eerv energetic and d nnp the prenou rear 
or so hard training had been a definite formation pd cr Tn the autumn of 
1W2 there had been a tctt high hieWcnee of malaria which nccessttired 
yWiog a t emr w of “Uanket tprinine treatment to the whole tmli Smer 
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diat time, unit healtli had picked up, and the existing impairment was 
attributed by umt officers partly to the residual effects of malaria and partly 
to staleness resulting from strenuous training It was evident, however, that 
this particular unit had not suffered from malana to an exceptional degree, 
as compared with other units m the station, noi had its traming programme 
'been more strenuous The rations in use had not changed much, and were 
not sigmficantly different from those of other umts m the same locality 
Though no men from other units had so far reported sick with simdar 
symptoms, it was decided to inspect all troops m the stauon As a result, 312 
'Cases of well-marked glossitis, etc , were found The condition was appearmg 
eienly among aU races present m the station, which included Jats, Kashmiris, 
TSfepalese, Madrassis and men from frontier tnhes Evidently a defect m the 
rations was affecting the whole stauon (Subsequent mvesugatton of the posi- 
tion in other stations throughout India brought to light other cases, but no- 
rihere was there an epidemic of similar severity) 


Main Investigation 

One hundred cases were selected for special study, on the basis of havmg 
a well-developed glossitis For administrauve reasons, they were taken from 
two units only, the battalion concerned m the earher mvesttgaUon, and another 
Infantry unit of different racial composmon Detailed clmical exammation of 
the cases preceded therapeuuc tests on controlled dietary All these men were 
carefully segregated and maintamed on a diet idenucal with that issued in 
their umts dunng the previous month, as ascertained bv survey Owmg to 
the isolated posiuon of the station, only mmor laboratory studies could be 
made, and limited supphes of syntheuc vitamins prevented therapeuuc trials 
on a more comprehensive scale 


CLINICAL UESCRIPnON 

The lesions found in this group of 100 cases were distributed as follovre — 


Glossius IQQ 

Glossius ivith Assuring 44 

Injecuon of the soft palate 85 

Injecuon of the pharynx 72 

Injecuon of the epiglottis 33 

"RhimUs j2 

Cheilosis 21 

Angular stomauus 23 

Maceration of the buccal mucous membrane 39 

Vascularity ” of the cornea 62 

Proctitis 



^onic 


IBOFLA -r» IJknC1E<CT 


<0^ 

Gleasitu — An ttriy »nd a late ata^ were noted. In the eariy atage there 
tvaa atnpping of the fur and e^tbebum from the edges and tip of the tongue 
(tnoai marked at the np) leanng these area amoot^ with fiarteoed papillae, 
and dark red or magenta m colour The centre of tf^ tongue was uaaally 
coscred with thick white fur In the aec oo d atage at tlppm g was complete 
leavmg a amooth but gk>wT tongoc, muaDy aomewhat iwolkn ai>d ahemmg 
btcral lodenutioiij caiiaed ^ the teeth The ppDl^ were flattened and the 
whole tongoe wu dark red or magenta In colour Of the 100 ews thirty four 
had an early atage and nxry-rbt a late atage giosntrs. In twoHhirda of tie latter 
the tongoea were fissured. In three caaci the fbsurea were longitudinal but in tie 
otbcTi aght or more fisrurea, each about half an inch long ran trin icnely int 
the edgea of the tongue The fmmrs were deep and raw as if the edges of the 
tongte had been alaiied with a kmfe We cannot frooi personal expcnence com- 
pare thij giosahi with that of peHagim. Init the appearances were quite different 
from those we hare seen m Irsdiao patients suffering from chronic sercre 
accoodary malntrrriticn inenlnng multiple riramm B complex deficleocies. 
a conditwn haring many fearurea m common srhh pdbgia. In the latter 
the tongue i usually srrialL glared, with rarher shallow longhudraal fissurrs 
and scarlet in roloor 

Pmn wi remaxkaWe by it absence conodermg the tongue appearancev 
Fifty four men bosmer coniplamed on queraoolng of sorexKn and bermlag 
while eatmg spiced food 

AnpddT slomdJiOi was preaesi re twenty three raxes, and sras tdentlal 
wrth that dexa n be d m the lirerarere as charaarrinic of nboffarin defidency 
In a few cases the Gararcs had becotne Indoraced and were painful 

CAeiToiu was found m twenty-one cases It wu nrret sercr e and tnok 
the fonn of peclmg of the centiaJ ponwn of the Bps. learmg these area 
gkaay -snd bngfat In cokicT 

Lenons of the hoccml mtreou membrane srere present m aJI cases with 
angular stomaridi, and also in iLi te en cases which did not show the Utter 
A streak of white macerated mucous memhiaDe exTcndcd from the angle* 
of the mouth bat^wards towards the anrenor pillan of the fauces and Iring 
parallel to the line of ocdocoo of the teeth. It reicraWed a white chalk Goe 
drawn across the inner surface f the cheek. In three rases supcrficoL] ukefs 
were present m the same acuarioo. 

injeetton of the toft palate pretou m eighty-frre cases, was limited smcilr 
to the soft paUte so that there wu a sharp line of dortarcatioo between the 
red or bngbt scarlet soft pedate and the pale hard palate, at the postenor 
margin of the Utiei 

Pharmgttu — CongcstKHJ of the oropharynx wu present m screnry-two 
casei. 

Tjtryn — Forty-two men gate a history of recent hoarsoies* and dys- 
phagia. In four cases there had also bera aphonia- Ljirynjoscopy wa 
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performed on the hundred men, and in thirty-three congestion of the epiglottis 
was observed 

Rhinitis — ^Twelve cases showed crusts and scahhg on the mucous mem- 
brane of the antenor nares, suggesave of subacute rhmitis (One case, not 
included m this selected group showed bilateral vertical Assuring of the 
mucocutaneous junction of the nares ) 

Eyes — ^None of these men complained voluntarily of eye symptoms, but 
on direct questionmg twelve said that their eyes watered to an unusual degree 
Ordinary exammation revealed no lesions otiier than five cases of pterygium 
There were no visual detects m the group, ninety-nme men readmg 6/6 with 
each eye on Snellen’s types, and one man 6/9 with each eye In no case was 
there staining of the cornea with fluorescein A slit lamp miscroscope could not 
be obtained, but exammation with a lens showed that sixty-two men had 
one or more capillary twigs apparently crossing the hmbus and mvadmg the 
clear cornea No arcades could be seen, and the appearances did not resemble 


those descnbed by Ferguson (1944) 

PtocMis was present m forty-eight cases The skin around the anus was 
dry, and even gentle tension on the buttocks was sufficient to cause shght 
fissurmg and bleedmg The mucocutaneous junction at the anus was macer- 
ated and had a white pulpy appearance, exactly hke that at the mouth in 
angular stomatitis In more severe cases there was anal fissunng Proctoscopic 
exammation revealed a dry, duU, dark red mucous membrane which bled very 
easily Those lesions were symptoraless, apart from shght tenderness 

Skin condition — One case had a well marked, scurfy dermautis of the 
scrotum Otherwise, apart from two cases of acne vulgaris, there were no 
defined skin lesions m this senes All skms, however, were rather dull and rough 
Seborrhoeic dermatitis about the nasolabial region was not present 

Faeces — ^There was no diarrhoea Twenty-eight cases showed infestation 
with Ancylostoma duodenale, one with Ascans lumhnco%des one with Entero- 
hius vermiculans, and one with Taenia saginata The findmg of hookworm 
ova was not correlated either with the presence of a proctitis or with the general 
seventy of other lesions 


Blood A haematological exammation limited to haemoglobm esuma 
non (Sahli) and red cell counts revetded no sigmficant abnormality 

General physical condition and age — Sixty-nme of the men were between 
20 and 30 years of age eleven were under 20, and nmeteen n ere o\ er 30 years 
old All were -of reasonably good physique, and on casual inspection appeared 
to be perfectly fit, by ordmary standards 

Mental condition — The men were somewhat depressed, apathetic and 
lethargic The chattering laughing and smgmg usually heard in the barrack 
rooms of Indian troops w'as absent They tired fairly easily, and, as one officer 
put It, did not seem to be " trying " This apphed not only to the seleaed 
cases, but also to the units generally from which thev had been draivn It 



iFiDonc or BnorLiMx pmarNor 

tt, bcmercT Importtm to realize that from the unit officen point of tfcr 
the utuauoa wju readily acamntcd for by rukiKn, and they ca« no 
caote for alarm. 


THEa.«UTK: T«1AI3 

One of the hundred caack mai acnt oa furlough during thii In citlpooci, 
and u excluded. The remaming ntncty-nmc caao were dirkJed mto eight 
group* matdied ai far a porubb for dutnbuooQ and aer erity of the rariotB 
Icuons, and were treated as foilowt — 

Group I — Six men, giien 3 mg of riboflai m dail^ by mtiamu^cular in- 
jection for 7 to 14 diyk, depending on the rapidity nitb whlcb the ledotu 
boded. 

Group II — Eight men. gi en 5 mg of riboflarln dally by mouth for 10 
to 14 days. 

Group III — Nine men, giren I or of yeast autolyvatc (rt g c m ite) dally 
for U to 22 days, depending on the rate of respond 

Group I\ —Ten men, giecn I or of dned hreacri ycait daOy for 10 to 
22 days. 

Group V —Ten men, gi eo I cc of crude C cr eauaci by In tram oscular 
mjeasoQ on altonite days for 18 days, each man thu grrting a total of 9 cx. 

Croup j-/_Tkt 3 cases were glxoj 500 mg and three eases 250 mg of 
ucotnuc aod dally by mouth for 14 daj*. 

Croup Vll — ^Ten men, glvoi 15 imnlist cf halibut Iner oO and 100 mg 
of ascorbic aad for 15 days. 

Group VIII — Fony-ooe men maintained oo the eontroikd diet wiihour 
any tpeoal trcamietit. 

The rcrolrs viU be rummanzed Among the men In Croups I and H, 
•itfa ooc excepdoo. tD fooguc* healed rapidly (m 7 to 10 day*, but op to 14 
days In the case of Ssntred toogocs). In one case that show ed no chuge of 
the tongtte coodmeo (though the other lesious deared up). Ssxunng was ex 
cepaoDaUy deep, and the mao stated that hi tongue had been lilc that all 
his life. Angular stomadtu (three ca^V cheilous (two cases) and maceration 
of the buccal mucous membrane (ni caws) healed m 6 to 10 dayv Congestwo 
of the soft plate, pharynx and epiglottis (present in ihirrem ten and six caws, 
rtsfecnrely) chber cleared up camplcrHy or nculy so In the two men m 

group* who htmed rhinitis, the ciusnng and scaling disappeared after 
5 days treatment In ten mm procnii was prewot This healed reladrdy 
dowly but m eight caws healmg was complete after 14 clars tiraiinent and 
ID the remaining two c aws there *va much iTOpTWcment The single caw 
with VToial dermatiti wa placed in Croup L ond thu coodhioo desrtd up 
after 4 days treatment There was no app r cc i ahle difference in rt'peow to 
parenteral and oral rthofUrm theiapr 

In Group III and IV w>enteoi ui of nineteen caw' cleared up. In one 
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of the remaining two cases the glossm& improved greatly but did not entirely 
disappear In the other case the glossitis did not change, though all other 
lesions improved Improvement was generally slower than that obtained 
with nboflavm, and m no case was the procuus affected This is attributed 
to insuffiaent duration of treatment, smce m the riboflat in-treated groups, 
proctitis healed more slowly than the other lesions No regular change 
in comeal “ vasculanty,” as observed with a lens, n as evident among any of 
the cases in these or other groups 

Among these men, treated with nboflavm or yeast, a remarkable improve- 
ment m mental condition nas evident, which was all the more noticeable by 
contrast with those in other groups, who remained listless and morose A 
trial at the end of the course of treatment showed that it was easily possible 
for an ummtiated non medical officer to select from a mixed group a majonty 
of those men who had received curative treatment, meiely through their 
cheerful bright-eyed expressions and the lively interest they took m their 
surroundings 

Among men m Groups V to VIll, the lesions were either unaffected or 
became worse The negative response to liver extract may have been due 
to insufficiently large dosage, or, possibly, to lack of potency of the preparation, 
which was not a well-known brand 

Sixty-three men gaie a history of malaria during the previous 12 months, 
but there did not seem to be any relationship between the number of attacks 
and the seventy of the deficiency signs It was, however, possible to observe 
the immediate effect of malaria on the lesions, smce seven cases developed 
the disease while under our observation In two cases the lesions were un- 
affected, but in the remaining five definite and rapid deterioration occurred 
Two men developed new angular stomatitis 4 days after the onset of fever, 
and m the other three smooth stripped tongues developed fissuring for the 
first time, after 3 to 5 days The onset of fissuring was dramatic m its rapidity 
and extent 

On completion of the therapeutic trials on controlled dietary, all completely 
cured men were returned to their umts, and the remamder, including all those 
in Groups V to VIII, were given 1 oz of yeast extract daily for a month At 
the end of this time, all lesions, except “ vascularity ” of the cornea, had dis 
appeared completely Again the improvement in mental condition was strikmg 

Subsequent History 

Shordy after the completion of the above investigation, all units were 
placed on a new ration scale (described on p 407) Two months later only 
fifty six definite cases of the deficiency state remained m the station It 
seemed, therefore, that the new diet was exercising a curative effect (This 
conclusion, however, must be qualified, since there was no control which would 
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ha c ndadcd the po-^Jhabty of a miwiuI laraiKm. ^\c hi\c the improncci, 
from general obaer>atkn that thia deficiency state arnnog new rtcniiti tetidi 
to be more coounoo In eaily epruig than at other times of the year) Thit 
the diet vis, m fact, iblc to amtrol the dcfiaency wat confirmed by far^pccrioD 
of miny other troops who haee used It, and from otr«emtIom on recnni 
who entered the Army shoving noiilar Icsioiu. 

Nbicty-scrcn men of ibe unit In uhldi the cooditloo had been first 
noted v.ert it-impected after they had b ee n on the nen dret for 14 moruhs. 
Only two men showed ettdeace of glowmt which wu of a ery mild degree. 
No atsocuted egtts acre obserred Both these men actr conddetably oider 
than the areiagc indeed one seas ibour to he discharged ii too old for fimber 
scrrice 

Dtrturr &ui« or toi OtnrsatAa. 

In order to appreciate the prime causes of the ootbirak — which H bdlered 
to be the only epWemsc oirrbr^ of primary defioencr disease aroong Indian 
troops during the 1939-45 srar — It ts necessary to sketch the sdmlnk trsffr.- back 
ground Beforo the srar of 1914-18. Indian troop* in India were fed acccidlog 
to a system whereby esch man reectred a cash aJkmajace wuh whrch be boo^t 
hrs own ranoos Crora the reguneotaj cooTractwr There wa do coBtreJ »hat 
s oercT o^er the QotritTTe ralue of the rattens consumed Experimae of 
widespread scurry in Mesopoeuma ui 1916 (where rntsoes supplied m Lmd 
were Inadequate) resulted m a b^ied appreaatxm of the Importance of 
tuuniluQg croops well a* oppos e d to merely taritfyiog thdr hunger and 
a new system of ranoning in Iivha was mrroduced. This coodsted f issuing 
a numbw of reiadvdy noo-peTishabVr food* m kind suppletDcntcd by a cash 
allowance, whereby penshahtc foods fochxnng incidentillv most of the 
protecritc foods) were bought locally in the open nuiket An important 
difference from the old cmH ty i t t m wtr* that money wa no Icsiger giTcn 
to Indtrkiiul soidters but was spetu on a unit bad* hr the cotrmundtng 
officer who was respoodhle for the health of hN men and ccmld nbtam 
medical adnee. The ly^rerri noHced satWtctorilT during the peace After 
1939 nuiket prices of foods began to nse. and rucfc^i c rocieaws in the 
cash allowance were made In due course however medical officer* were 
beginning to point out that in some places local pphe* couW scarcely 
meet the demand at anv pTKr and therefore th Tvem could no longer 
be depended upon to prmlde troop* with a theoretKally adequate ratim 
Arrangement* were tbeirfort put in hand to supple ctwnpJere ratttsv 
m kind to aD Indun fitiop* accordmg to a fixed *caJ of qtianthie* 
The outbreak of riboflaTin dcficimcy described abmc occurred shortly bef re 
the reri*cd scale wt* brought into use li appearance lO one partveuh 
station can be attributed to the tnusualle solated nrusnoti of the place m 
a barren countrmdc where frc*h food were pamculariy scarce and expeou e 
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Clinical manifestations appeared first in one umt, piobably because of a less 
careful control of expenditure of the ration money than that which had 
pertained among othei units Though there nere no grounds for criticism on 
the score of unit administration at the time of the investigation, it was ascer- 
tained that some time previously the custom m this unit had been to give half 
the ration money to individual soldiers — a partial reversion to pre-1914 practice 
— so that there was nothing to prevent this sum being spent, for example, on 
cigarettes mstead of food At the time of our investigation, however, it was 
evident that an adequate diet could not be obtained from local markets even 
with the most carehil budgetmg The following table shows the rations 
actually used by units at this time and the revised ration scale in kind which 
was subsequently put into force The latter was a general measure through- 
out India, and w'as not devised specifically to deal with any outbreak of 
deficiency disease It was subsequently leplaced by a better scale 



Rations which led 
to the outbreak 

Revised ration 
scale 

Rice (parboiled) 

12 oz daily 


12 oz daily 

Atta (wheatmed) 

12 


12 

Dhall (pulses) 

3 , 

-(d) 

44 , , 

Ghee (a) 

2 „ 

2 „ 

Salt 

f-l , . 


4-1 

Sugar 

U., . 


2 , 

Meat (6) 

S-9 , weekly 


2 

Vegetables (c) 

2-3 daily 


10 

Milk 

14-2 

(e) 

6 , 

Tea 

14—2 , monthly 


Spices 

44-7 


S 

Fruit 

Nil 


4 thnce weekly 


Motes (a) Ghee is clarified butter and was issued about 5 days in a week “Vegetable 
ghee ” (hydrogenated oil) was issued on the remaining days 

(^) Goat meat, containing about 50 per cent bv weight of bone 

(c) About 50 per cent root varieties and 50 per cent green and other varieties 

(d) Issued in kind according to a fixed scale 

(e) Purchased locally by units with the ration money 

Disregardmg cooking losses, the original diet provided (very approxim- 
ately) 1 1 mg of riboflavin, and the revised diet about 1 4 mg 

It IS of interest that the original diet resulted in clinical riboflavin defici- 
ency only As far as we could judge there was no eiidence of incipient 
climcal scunqf nor of vitamin A deficiency (A high proportion of vitamin A 
m milk ghee is destroyed by the cooking methods normally employed) Our 
impr^sion is that the minimum requirements for adults of ritamin A and 
ascorbic acid are considerably lower than is usually claimed We were certainly 
unable to demonstrate anj impairment of military efficiency directly attnbut- 







ErnrxMic or Butcn.^ la nmcnaiar 

able to TTtanim A or Mtamin C dcScicocy nonvithnandio^ the to-called 
biodieiDKa] kttoiH which mun ha%c b e e n prc*ent 

DiacDMXrr 

The occurrence of the »yi>droiDe in cmdcnnc form and iti rapid cure by 
•ynthOK ribofla m lea a bnle doubt that me men were niffcring from pnmary 
nboflann dcficicTKy Thn u confirmed by the cotnpotmoo of the diet. The 
tymptomafoiogy howi tome toinor differeaca ffom that drwmbed by Jc^ca 
ft a! (1S44). which It bdieted to be the only prmou dc^npeioQ of a umihi 
epjdemtc We are imable to account for ihcK diffciencct, rince the rrt puw 
to ^thetk nbofla m wa et]uaDy aatufactory In both outbreaks An ad hoc 
explanation, ruch at oo groiuid^ of racial diflcrence*, is un^tirfactory 
The latculanty of rhe comea. at obtened with a lent, did not retpoo'l 
to any form of treatment It was quire different from the hiomic r o^ cu pic 
capillary m\a<ion of the cornea dctcribed a typical of nboflann deficiency 
b? Fiaciwr< (1S44) and may ha e been caused by cormutal cxpcmire to wm 
glare and to don rather than by a dietary defioeDcy 

The remarkahVe change in mental outlook produced bv specific therapy 
iDdkcatrt that ould nboda m defiactxy am be an im pm i a nr rau«e f impairH 
morale and phyilcal effidtney amoog rioopt Though Jonu n f do not 
nttta the p^ychologtcal a*pect^ of the de fiot ixT natt. ibe following sentence 
from iheu paper H ognlficant A eariy as the tecond day (of treatment) they 
beaune full of thankj, which i the more remarkable herauw the^ 
t dually gnaJgfftg m rheir gmutode 

There H cridence that fcier a< in malaria, can prenpitite nbofla m 
defioency amoag men who hare nibdned on a borderline intake The rt 
penence of the ainhor» mih Todlan troop" — anan from that recorded here — 
indteata that m a minority of afebrile mdividuah the charactcrmi leaWm^ 
rruy perritt eicn when the diet it appaienily quite adequate In such caw% 
a defect of ab<orpf>oo or mettbolitm probably eahta A a rule howerer a 
diet of the type described will dear up all major ngnt w thm 3 to 6 mmuM. 
The pr o cc w I acc ele rated hr prhig extra mflk. 

SwAMiXATTiw (IW2) drew artcotion to the fact that although ribofla in 
deficiency muU affect e^err cell m the bodr the lenon appea only at cernin 
met, and that no eeptananon for ihb distribution had offc^ More 
recently SrAWtra (IWd) niggwted that the demneement of rmoe funedoo 
1 rehtnely greatett in those tirtue" which p o ss et i the highest degree of capfl- 
bntr and whose metabolism w greatest. Ue find it ■omewhat diflictilt ro 
explain the derailed effects of the coodinon a seen by us. n term ofSraxxcx's 
hypofhesit. It a s ugg est ed that a wear and tear merhamsm is also opetarirT 
u foPows The tongue Pps. boccal mocom membraDe. soft palate pfuryn 
and ep l glortl* nose anm and lower rectum and scrotal Ian (and. pcTh^p^ 
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the eyes) all ha\e one feature m comrnon— the epithelium is exposed to a 
relatively greater degree of wear and tear tlian other epithelial surfaces Under 
normal conditions, regeneration keeps pace with weai and tear In riboflaim 
deficiency, interference with cell metabolism impedes epithelial regeneration, 
and failure to keep pace with destruction occurs first at those sites where wear 
and tear are greatest Individual differences of wear and teai may, perhaps, 
explain vanations m symptomatology from case to case 

Another cause for differences between cases oi groups of cases is 
suggested by the possible functional inter-relationsbip between various mem- 
bers of the vitamin B complex, as outlined, for example, m Sw^aminathan’s 
review On this hypothesis, different deficiencies may give rise to a somewhat 
similar clinical picture and one member of the complex, given in sufficiently 
large doses, may in some cases be able to compensate at least m part for defici- 
encies of other related members It is thought that some such mechanism is 
necessary to explain the rather conflicting opinions m the literature of ribo- 
flavin deficiency, and also the remarkably specific effect of sjmthetic riboflavin 
m the cases desenbed in this paper It is difficult to behcic that a natural 
diet of the type consumed could give rise to uncomplicated riboflavin defici- 
ency In our cases, however, nicotinic acid intake seems to have been fully 
adequate, which is m accordance with the analysis of the diet 


StJMMARI 

1 The occurrence of an epidemic condition among Indian troops re- 
sponding to treatment with synthetic nboflavm or yeast is described 

2 The dietetic origin of the outbreak is discussed 

3 A possible explanation for the distribution of the lesions is suggested 
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OCULAR SYMPTOMS IN PRISONERS OF WAR IN SUMATRA 

BY 

J G REED, MRCS, LRCP, 

Late Surgeon-Lieutenant, Malayan RN V R 


A good deal I*' now being heaid of an ocular syndrome which is extremely 
widespread among released prisoners of war from the Far East and elsewhere 
The syndrome, which causes a serious diminution of visual acuity, may occur 
m association with heriberi or pellagra or independently of these diseases It 
may or may not he accompanied by various other neurological phenomena, 
such as ataxy, paraesthesiae and nerve deafness, oi dermatological phenomena, 
such as angular storaauus, glossitis, scrotal dermatitis, etc The lesion is prob- 
ably a retrobulbar optic neuntis due to a dietary deficiency most hkely con- 
nected with the B^-complex, but some prefer to call the condition an optic 
neuropathy until the nature of the lesion can be more definitely ascertamed 
Toxic and mfeaive factors cannot be entirely excluded The ocular signs are 
not always constant and yet a review of the now quite extensive literature 
since a similar condition was first mentioned by Strachan m Sajoii’s Annual for 
1888, and described by him in 1897 show's a uniform thread running through 
the whole, so that one can scarcely doubt a similar causation m the outbreaks 
described in various parts of the world 

An account of the symptomatology of the syndrome from notes made at 
the time of Its occurrence may not be without interest It must be stated that 
shortage of staff absence of an ophthalmologist or any reference material, and 
the general conditions of captivity make the obsenations very incomplete 
The cases here described occurred among 490 Bntish Service men, pnsoners 
of war of the Japanese at B Camp Palembang Sumatra The men had been 
captured about the ume of the fall of Singapore on 15th Febiaiaiy' 1942 Many 
complaints of Msual disturbance were being made, so between 30th July and 
10th August 1943, all men who complained of any recent ocular disorder w’ere 
interrogated hy the wntei and this account refers to 126 such men 26 per cent 
of the population of the camp at the time The men had then been for some 
18 months on a diet deficient m protein fat and the B group of vitamms 
Tile deficiencies were not however as gross as they became later, no deaths 
were occurring beriberi was leia,' rare — ^I can recall onlv one patient with 
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the ocul*r lyndromc gWcg k ciear hhiory of rccrnt bcriben— «nd pdbjn 
did not ma^ h» »ppearaitce until the foUmring year bm other ilgn of rniJ- 
nutntion vroe pirvitent. On HUi Norember 1W4 i rough runrey of iH the 
1,225 mcQ then in camp wa dooe for tlgns of malnumdoo and 395 mm 
(32 2 per cenn) complained of rmnl duorder The diet uai by then much 
ttOTAc but had Dot w reached it« kmett lercl, and it ii wonhy of note that 
ocular dlrorden were more compkuoos m 1943 than at a later dare Hhcn 
beriben and pellagra were cotniDoo and men %cre dymg daily of narvatKC. 

The majonty of the men examined m 1943 cotnplaincd of a lyndrocne 
chaiacterlied by phoiophobo and binned raion, both on retdlog and for 
dj«ant object* ohtn described a at a dmance of 20 yard or more There 
wmi aluj tmiallv pam aod tnjecrion of the cornea ar>d aatenitg of the eye^ in 
the early *ttgei. A few arTplcal cam are Induded. 


iwaATiDtt OF occua Disoanzma at TiMt of EiA>irtAT>ox 



Cam. 

per cent 

Under 1 toonih 

9 

7 \ 

1-3 TjKmtb 

20 

15-9 

3 — 6 EDonth 

49 

389 

6-12 mootht 

» 

130 

Orer I year 

18 

143 

fadefinlfc 

1 

« 

Total 

126 



Onul The oo^ wai at a rule fafHy gradual the najal riefen taking 
week* or month* to derclop folly btn hi ten caar« (7 9 per cent) the onwt aai 
irated to be todden and two of theae patient were imabVc to read aithin a eek 
of the or«et of ^rmptom*. 

Progrcit At the time of ob'errancai CB<e» were da^^Bed follon — 



Cam, 

per cent 

Getting aorw 

17 

135 

Staocnary 

63 

500 

Improring 

44 

349 

Cored 

2 

1 6 

Total 

126 



Sigm and rpnptojn The typeal pattern cwnplaloed of gradoal oowt 
of photophobia «iih marked »en ItiTenew to the un, Aomc imtatten and 
» terhig of th evn * 0 fT>e pain hi or around the err^ mercawd hr erpcmifc 
to the *un or In woe cam bv readmg and blumng of i lor After a fe* 
nceki or month the mtarioa and pam, and •oeoetinw the phexophotw ccawd 
or detr ea wd bm the defectl e woo mprored more domlr or penKted At the 
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J G reed ^ practical 

The prognosis in condition ^^1 optic ^,^1 ^i^tle or no 

case, "ho „t,a«y b"" aT*e ume »£ '’'’’“w^f 

treatment or r , previously ^ ^ret at ,rrV\t uatients (, 


Slsi'S^iSlSiSS 

SifsSi 

rvas bilateral, but 1 Xr ivRS ROt po^sibl 

tr^oo. “'’*^'btodws"Si>ot rf my *89lfSK^° Ao* 

existing error fraction unnoticed cx-ptisoner among bis 

a latent error o£r^ that all ^^^^n ol myopes 

later, tvbile (1946) noted a big P ^cry 

presbyopic a patients (56 3 P^ and across 

cE"E^ ntnlamed o£ by seventy on ^hmd > rn a few 

Painwascomp^ ^^(ccation ^ , ^^cund or above tbe 7 ^ and two 

variable both m ^ of patients, m a closing tbe J ’ ^ot 


a'^E'' s^nlained ot ny It occurred oeo“‘^ ' ,v.p eves,maiv" 

Painwascomp^ ^^ location ^ , ^^ound or above tbe 7 ^ and two 

variable both m ^ of patients, m a closing tbe J ’ ^ot 

be forehead '"“““jcf „o »P“'"S on mor.ng th^V^ poin 

One n,an comp amed^o ^C;Smes h, 

ot a P'''’“'‘^“ „,a,ned of. hut enquirj "• ^le to the ™"- occurring 

specifically comp accentuated by P ^ot con pauents 

r^tf as other eJ^P^-^rconrse of *e disease 
reading l^^i cleared up later ^ rbruient 

'".f!™rual visual complain; 


,._ng ^^'^^^,'olen cleared up later m e co early 

definitely not .ensm ,„,anon and mfeCT (3, 7 per 

“"^■“rctl ^Tper cent-, and m fort, 
eigbty-onc cases v 
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a nujor feature of the cooditioo. In >ome ca<c^ it appeared onl^ oo expoaure 
to the run or oo reading One patteot had for ae^eral morthj repeated mddcii 
atrackr of moat acute and tntenae hiBammauoo of the cooJtmcilTa wnh much 
Batcrnig and photophobia. Theac attacLa came and nent »lth the mow extra- 
ordinary raptdjty imialiy lamng for a fen hourr. The condinoo eTentoallT 
cleared up. Photophobta, Eke pain. wa« often le»i ntarfced of abaent m the 
later rtagea of the ditease. Tbe tyndrome cannot hare been caused by run 
glare once aeren paitaUi (5 6per cent) were employed only in the camp, not 
on otrtrlde worling pamet otk! » were not unduly cx p ot c il to rtmEghL 

One patient complained of drynen of the eyt^ and a fetr that tbe bdi 
were stuck together u\ the tnorotog but there was no care of pumlem con- 
junenritu in fhl re r te t. W atering of the eyet was aometime* profile There 
were two caaea of frank irith and one of corneal ulcer healed brfore the obacr 
vatwcj were made. One patient complamed of dlzzmesv Later mben food 
conditWDS were much wnne a number of ca es of a different srndrotne we re 
observed theac patients differed trtim attack of true vertigo occurring In an? 
posTtioo, and aoroc homed nystagmus. 

Pupil reScxei mere unfomtnaiely obsened onlc d n few cares and in 
there tber acre normal Ophdialmoscopr aa dime in a few cores in the carir 
ttaget and nothmg ahrtormil «a notcsl Sereta! monthi later ophthahnosenpr 
na done on a few cases with se ve r e trddual n ual defect and teraporal pallor 
of tbe dues, somettmes verv marletl wa a con tani feature This sign H noted 
hr man? wnterv 

ACrOAfFAS.TT'C HCXS Of SttL-WTI U TICrt 

The main accoTBpanyme signs of mahnnnilon acre as follotrs — 


Angular iiomatms 

Cases 

57 

per cent 
45-2 

CkntJcu 

48 

38 1 

Angular stomancit and clossitu 

29 

23-0 

GcoeraEicd <tomand 

2 

1 6 

Cbeilcnt 

5 

4-0 

Ncuntiv parucsthesiar 

32 

254 


The appearance of ibeae signs f malnumnori. pan culariv the derrotto 
logical signs, was nottceablr inrermittent and fher acre nor present fa aO 
patreots at the omc of examination The iDadcnce of there renditkes among 
the men suffering from the oeufar Tndrome »ai almost certainly cotunkraViy 
higher than among the remainder of the presooers, but I cmimr* prove thi 
br fi|^urcs 

The word neuriti ts used to forer a number of *omervhat vague 
praesthesiae Indudfag btrmmp feet pains n ihe le^s and numbewss and 
tmrimt f the extrenunes and •omettmes of the Icps Btrmfag feet- • 
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widespread sign of inalmitniior .imoni; prisoners of war in the Far Fast, was 
previously well known among Indian ist uc 1 ibonrers in M ilaya and curiously 
enough was often associated wiilj nost ilgia occurring almost c\clusircly 
among those who had recenth armed from India Ir was one of the earliest 
signs of malniiintion to appear m otii camp, the fir-t two patients being 
ofHcers in whom the nocturnal pain was so set ere as seriously to affect their 
mental condition The conduiou ts mentioned In Scoia (1918) .and Landok 
and PtuJSTTa (191a) .and it was also noted in the Sjiamsh Cnil War 

One patient slowly iKcame almost completely deaf with no sign of otitis 
Apart from this ease no iicne dcafiie-ss w is ohsened hnl ir is possible that 
minor degrees mat h.atc passed unnoticed 

outbreak of scrotal derm nuts swept the caniji in May 1943 hut it 
was of a more acute tyjic than one would e\pcri to he caused ht malnutrition 
The red sore and weeping serotinus suggested an ntferiitc oiigm the m.ajoriit 
of cases cleared up within a formighr and onlt i handful showed a tendenrt 
to become chrome Tlic men were grossh oterrrowdeil clothing was quite 
inadequate and washing facilities had while the camp was infested with hctl 
hugs During long experience m Malata 1 hate neter seen mj thing like this 
condition before nctcrthelcs> the scrot d rondiiion ditl in many cases resemble 
that described and illustrated hv T txnou and Pttrisaru (19fa) occurring 
among Asiatic prisoners in Malat.a it was the most troublesome lesion of a 
syndrome ascnlicd hv them to itiiaininosis B I feel ihcreTorc that a 
nutruional factor cannot Ik excluded in onr cases 


The general plnsical condition of the 

patients snFering from 

semdromc was roughly classified as follows 

— 



Cases 

per cent 

Good 

63 

SOO 

Fair 

42 

33 3 

Poor 

IS 

119 

Not noted 

6 

4 8 

Total 

126 



A.f.rl ' that some of the patients with the worst tisual 

could no/h ^ 1 condition and the incidence of the syndrome 

and l)crd>cn tjkI pcllngn ncrc |)rc\a1cnt 


Treatment 

Phaseolus aureus RoxWP 

could be obtained also marmtte but twl"’'' 

c quantities were inadequate for a fair 
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ten. Vitsmin A-D prtparanens were u^td both internally and a* eye drey*, 
Afropme dropn garc vjmc rdief lo the raore n^ere case*. Dart glaoct were 
pTtmded whcDcvcr por-ible. One patient mu girai nrenty-one tabini of lacio- 
flann, I rag and reported tome unpitnement: no more could be obtained. 
Two men Toluntcered the mfonnanon that the condition ImpTmed when they 
were able to obtain an Inctea^ amount of TtgcTabW 


Rr\Tne or Lmauruu. 

Sixuau^t (1897) law many handreda of auca of a fonn of mulnpfc 
ncuritu prCTilcnt m the Wcat Indie*. The condition wu duiacterined by 
paraeatholae dlmnm of Tfutm. ddeedft hearing and ciconationi «ith »cTT>e 
deaqoamadon at the edge^ of the Iid< and maigin* of llp« and iwtril*. Btuning 
touatioct* in palmt and •otea were accompanied by heat perreptiblc to the 
touch of the etammef The main netrea of the cutremitica, etpedaUy the 
ulnar were »endtiTe to preoute and bctpeoc tmde* •ovnetima appeared 
along the couite of the terminal QanKnU. There a miobulbai neunm 
aaaodated with *cotcmat*. Waning of ntuaelet, monoplcglM and fadil }JaWc<^ 
ataiy and eotneal uJem were •otnetonci noted. S^mdon wjn wcoeihnei 
bhmted but not abohihed A few caw* were f»«l from mrej emeat of the 
heart and dlaphngnL, and autopty (boned con«pHruoo* pigmcntattce of organs 
etpeaally the im i caa cyweni a* tteil a* the palrm at>d aota Urrr and «pleen 
were foond to be at is makru. SraMaux ctiuiderrd that the coedinon 
ITU probably doe to the penaon of malaria He eomderrd aitd re^ed 
the polaca of beriberi ai t ciute. It W Int cioLiB g to note that he letten- 
mended treatment by noundung food Incrcaring in quanor? and Tarim 

Seem (1918) docribed a ttrallar but more acute coodlnotu whkh he called 
central neunri amoag Jamakan eugar cane worier* on a err hiadct^uatc 
diet There «ere a nnmher of death* and at autnp«T the optic nene* showed 
tndeVHTad degerteratton dittrfbmcd along practically ail the fibres \fa *ei 
of fat granule* were found in the large oene cell of the optic chijnna Scott 
conridered that the dl*caw *a n biioeicaiirn and errluded herfhen and 
peHagra a came*. 

Euiot (1920) deacribe^ early Japaneae »ofl. on the ncula »ign of bed 
fwri and n*te< ihtt Knvo (18951 devrihed retrohaTbar neuriii a.i«h amblynpia 
central (cotoroa and contractkio of ihe Tiwal 6ekk hut no fundu* change' 
mhfle other faoanew wnrer* de-wnihcri partui atrophr of the temporal pofrion 
of the d «c or the whole dlw Ihe green bean a-uti la/jleng hsjjn " ri 
the Nctherfand Flaw Indie* Ph^^rol um » Rorb i* prewTihed for rrtaf 
merit hr the ftnancje 

Moow (1930 1931 1932. 1933 1934 1937) ha dewnbed a nmlla condh 
troo preralent m Nlgena which rendered manr narhe* nearly blmd and »a 
curahle in the eailr wage* be maTmire or ec aw Mni- Tar (1934) dhcm'ing 
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Moore’s work ascribes the retrobulbar neuritis to vitajiim A deficiency 
Wright (1928, 1930) describes an A and B avitammosis of Sierra Leone which 
often affected pregnant women The signs were angular stomatins with 
glazing of the skin at the canthi, glossitis, dimness of vision with conjunc- 
tivitis and lachrymation, paraesthesiae, ataxy and sometimes complete paralysis 
of the hmbs Davies (1927) descnbed a syndrome met with m the Afncan 
Hospital, Lagos, paralysis and nerve signs were conspicuous, and there was 
acute pharyngitis, often with glossitis, angular stomatitis, painful exconations 
of scrotum and axillae, and retro orbital pain, dimness of vision and inabihty 
to focus NAB was used in treatment 

Landor and Ballister (1935) descnbe a syndrome occurrmg among long- 
term Asiatic prisoners m Malaya, which closely resembles that descnhed here 
They attnbute it to avitaminosis Bj 

Fuchs (1936) describes retrobulbai neuritis as the chief eye comphcation 
of benben and states that it resembles the amblyopia due to abuse of alcohol 
and tobacco He describes slight temporal pallor of the discs and draws atten- 
tion to the different manifestations of benhen m Japan where letrobulhar 
neuritis is common, and m Indo-China where it is rare, he points out that the 
disease runs different courses m different couutne'^ and states that the treat- 
ment of the retrobulbar neuntis is idenucal with that of benhen Mettvier 
(1941) discusses eye diseases due to ntamm deficiency m Trinidad and describes 
a syndrome similar to the present one 

Adolph et al (1944) and Whitacre (1944) described condmons expenenced 
by Americans m Japanese internment camps and mention dimness of vision 
as one of the signs of malnutrition Stannus (1944) gives a comprehensive 
review' of the manifestations of hyponboflavmosis and claims that the mam 
effect is upon the capillary endothelium He pomts out that many of the 
signs of hyponboflavmosis may or may not be associated ivith true pellagra 

Wilkinson and Au King (1944) descnbe an amblyopia due to an avita- 
minosis, occurring m Hongkong at a time w’hen pellagra had made its first 
appearance m the Colony and had become a scourge The condition was rare 
and thev w'ere able to collect only fifteen cases, of which only one was actually 
a jiellagnn Since the condition was painless they prefer to call it an amhlyopia 
rather than a retrobulbar neuntis but temporal pallor of the discs was seen in 
three cases 

CnuRcrnLL (1945) discusses nearly 500 cases of deficiency disease among 
prisoners of war m Singapore and TTiailand, and he records the diet scales 
which showed a deficiency of calories, vitamin B, and the B, complex The 
ocular syndrome was very similar to that met w’lth in Sumatra, but the 
incidence was much low'er Spillan'e and Scott (1945) descnbe retrobulbar 
neuntis sometimes associated wath deafness ataxy and paraesthesiae occurring 
among German pnsoners of war in the Middle East who had prenously 
licen exposed to dietetic depnvations which had caused an outbreak of pellagra 
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Full \iamiQ trcatni nt of Sfillam mod Srorr's cavx gi'e if>caQcJoiiic rc^ulti 
RnrtXT (1945) dexcnbts \ high loodcncc of uual dnorden ainoog rtka^ 
pmoncn of xar and nuemcCT from Thailmd PnoxmJly all the relca*ed 
pmonen themed torac teTato<ttnjuiHrtif»l abooniulitjr Rjdlxt irtribute* the 
ocubr hrtiofu to grrcral malnutnrtoo ndicr thafl to a tjmple dcfiricncT of the 
B grwtp of Ttumittv, Mamrc \ItUQin ticatmeot gave tome tmpnnenKTU m 
about half the patlentt in a fomdghr RmtzT ttatet that arrangement ha c 
been made to folkur up aD ca^ Bntiih^ Auttranan and Dutch DavarT 
Baou'STMs and Riai (1946) di»cu»» ocolar tignt among rclca » cd pnvajen of 
>rar at Rangoon who had bad beribert Ten c*^ out of thirty had retrobulhar 
neuntii GAtLA>>-D (1946) convidef* that the ocubr tign nhkh be taw In 
relca^ pn<anm from Rangoon. Singapore Hongkong and Java aere not dte 
to B defioeocy He doubo trtmher B h a faaor but «acei that tbc 
defidencj ii probably m the B group of lUmlnt. though a deficiency of 
rltamhi A htA not yet been ecduded GoLDSMim (1946) nwldcrt that the 
retTobulbai neuirtiv which he has teen both among naa e troopa In Freetown 
from 1941 to 1943 and among relea»ed prf^one n of nai from Thaibiyl and 
IndoChina H probaUy due to a protao defioency or ntiber to a poitoning 
Vy ceruin klndi of Ww-grtde pewein He repon uniformly negarite results 
from eltamln creaooent 

r'jiwmt’nrr* 

An ocular tyndrome has been dctcnbed utuch adeoed one quarter of the 
undemounsbed pruoaert of war Inlng under bad condidcaa in Suman. The 
tyndrome na^ accompankd m many ea^ by nerve and tkJn dgm indtcaiive 
of mtlo tTffinac, but It oocitfre d apan (ram hciiberi or peQagra. 

hlany quetneos remain to be an t wered about the ocubr tyndrome now 
found to be ao widely prevalent among rrlcaved pnvmfn of war UTiai 
rebtioD does it bear to benben and pellagra, t tbc ocubi syndromes detenbed 
In the earlier literature and to the tkln and nerve disorders to frequently but 
incDovTanily described in assocoaon whh tbem^ One cannot esaipe the 
impre*sioo that iberc ii some rebuonship Does the dmuiiance m the visual 
padiway onginatc In the retina or m the opdc neiTr? The coodmon 0 some 
timet dcscribevl as an opne neuropathy untD it has been estabibbed vrbetber 
It an amblvopa or a retrobulbar ocuritts. Manr caves occunrd amerg 
Australian and sections of the bniln mmplcte from the ere to the ocdpJtal 
cortex ha been taken to An mlta and when desenptron of these have been 
pubhtbed ihi point roiT be dcared up 

The cause f ihe candinon lies hetweea a toxin, a infectvun. and a deetarr 
deficiency or as leeros not improbable combinaiim f two or mote of these 
factors So far a my own cases are concerned the usoal tone causes 0 / 
amblTonb, i ti rr A mlhai neuntts or ocular pahves can readHT he rxdudcd the«c 
nclod f iln na Icohol and frmientation prodoct beniene tnchlorethylfne 
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THE COMPLEMENT FIXATION REACTION IN ASIATIC 
SCHISTOSOMIASIS EMPLOYING CERCARIAL ANTIGEN 

{SCHISTOSOMA SPINDALE) 

« 

BY 

F ELFANOR WILLIAMS* 

(From the Walter and Eliza Hall Institute, Melbourne) 


The group nature of the complement fixauon reaction m bilharzial 
diseases of mammals has been emphasized by the work of Fairley, Cawston, 
Minning and other observers Fairley (1919) showed that a cercanal antigen 
of Schistosoma mansom would detect antibodies produced by both S mansom 
and S haematobium m man, and alternatively that a similar cercanal extract of 
S haematobium was an efficient anugen m the seiological diagnosis of infesta- 
tion ivith either or both of the Egyptian schistosomes 

Cawston (1921) in South Africa recorded that an alcohohc extract of the 
hvers of Physopsis afncana infected with the cercanae of S boms acted as an 
effiaent anugen for the serological diagnosis of S haematobium, and S japom- 
cum and 5 boms m cattle 

* Thanks are due to Brigadier N Hamilton Fairley, c b e , f r s , for his interest 
and helpful cntiasm and to Squadron Leader W P Harvey Dakin and Flight Lieutenant 
J Connellan for their co-operation during this investigation 



4X2 


caVMjii ST n\ji-nce» (tuciio^ n« TC»irrov«n>n 


Id lodu FAOLTt (ly’fi) found that ccreanal cmacti of S iptnddU nm 
eqittllf effidoom In detcctnig infccrion by S hMrmdtcbnm ind S rmtnstm In 
man or S tndicum and S tptnd If in pun. Laicr in England Faiwjt (1933) 
found that the 'em of goau expenment^r infected by Prof. R. T Lima wlifa 
S m i/hffi nr S to-u yjeWed pemn e rcactkim tr>tetl against cercanal 

antigen derired from S tptndtle 

Tbe cocoplement feuikn reaction with cucaxia] antigen (5 tptnitl^ has 
thitt been rucrcxsful m detecting inf^aooos with three human and four cattle 
achiMOMmcs and ir group appHcabil tr to mammaHan achuto'anilam errab- 
Uibed. 

Mt?<HiKO (1941) in Germany found compfement fixation and «Hn teMs of 
cotuidenblc \alue hi diagoon of isolated ca«c» of bilharxu'is and of infe»' 
tatiom which had exuted for a long dme in nhich eggi could not be' found. 
Piecipinn leocrioo »ete of no raloe. Mco<c«c n>ed akcholic exmeu of the 
digettne gland* of Plmorbu guadflo perns (P glahratas) mfc«ed nkh 
S manjom These reaned not only with lera from parient* mfened with 
S numom bttt alao with tera from patient* btfeartd with 5 heemMtebom 
and 5 /apomenrn Both FAJxt-rr and Morrixt. recorded that extract* of two- 
infecred mail* rrrer gare negadm rcactiao* with UTharda-pewore aera while 
Faouxt (1930) iHo fotmd that lima of snafb bfected with noo^iilhuxia 
cercariae (C frornfawretuu) failed to dexure eomptemect in the pcea t pce of 
bQharzla<padtfTe acn. 

The tboxe data bdreate that the cocnplemeot fixirkm test with btlharria 
cercanal andgeo U tpecilic for the genua S’e/rutoroma. 

During I9r aixl 1918 Lieuc-CoL F P Machi, of the HalDtine Imtinnc. 
Bombay tuspatebed to the Walter tod Elm Hall Inadturr fa) 1 grannne o£ 
dried anath b'en (P mirtu) btfected with cercariae (S r/amfafe) retied In 
a glati ampoule and (fi) 40 cx. of eercarlaJ antigen in tealed ampoulet. each 
coctaMog 1 cx. 

Thi* andgen ha been pre pa re d m India br FAmirr’a technique In the 
foDowmg manner — 

Sff Hr of the tpeoc* P e\uslo »hkh nem ejecting certariae of S fptndalr 
were diaaecred and the bmi or dlgeadre gland* »eparated Each organ wi 
examined micreacoplcaUy and If hearlly ht^ed if wa* teased out «hh needlrr 
and placed in a rerseL abaohite alcohol hang added in the proporton of I cc 
to e*di UrcT After shaking for 20 mhiates the pTcparanon »as extracted 
for 24 boun at 37 C Ir wa ihen thoroaghlr ihakcn again and « 
nin ihrouch fiber paper Tbe dear yellow Qtme wa* ccnceotraied In a water 
bath at 45 C by bubbling air through the wJutioo with an exhaurt pump until 
it becaine tmWd Jan enough alcohol was then added to darify the soloifco 
and the conceolraicd eiiraa was pui up in i cc ampoule* and ttorrd In the 
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ice chest unal required In the text this antigen will be referred to as 
Antigen B 

During the intervening years Antigen B has, from time to time, been 
used at the Hall Insutute, Melbourne m complement fixation tests for the 
diagnosis of schistosomiasis in patients from other countries who were knowTi 
to have been exposed to infection with S haematobium and/or S mansont 
Some of these patients had received no treatment, and in these ova were usually 
present in the unne (S haematobium) or faeces (S mansoni) Others had 
already received full courses of treatment, and although ova could no longer 
be demonstrated, the sera from certam of these individuals contmued to give 
positive reactions, in some instances up to as much as 30 minimum haemolytic 
doses (MHJD) of complement being fixed 

These findings indicated that the antigen had retained its potency, and 
that It, therefore, could be used in the in\ estigations described in this paper 


I — ^Present Investigation 

This report is concerned with the results of serological tests carried out 
on 560 members of the R A A F who had been exposed to bilharzia infection 
over a period of 16 days at Leyte, an endemic focus of Asiatic schistosomiasis 
in the Philippines 

Dunng this time, most of the men swam in the Bislig River which was 
later found by Faust and his colleagues to harbour snails (Schtstosomophora 
hydrobiopsis) infected with cercanae of S japomeum Details of this outbreak 
of Asiatic schistosomiasis as it affected R A A F personnel are to be recorded 
elsewhere by Dakin and Connellan and, therefore, need not be further dis- 
cussed m this paper 


II — ^Technique 

The technique used was similar to thatfully described by FAiRLEY’(1919)and 
Fairlei and Whuams (1927) and FAiRtm^ Mackie and Jasudasan (1930) For 
economy in reagents standard dropping pipettes were used The unit of volume 
was 0 1 c c (2 drops) and the total final amount in each mbe was 0 5 c c 
(5 volumes) 

Antigen B standardized in the usual way was diluted 1 40 with normal 
sahne and titrated in detail in the presence of complement to detect any ano 
complementary acuvity 

Complement — ^Pooled complement was obtained from tbe seia of healthy 
male guineapigs and the MHD of complement determined by accurate 
titration each day In the mam test 3, 4^ and 6 M H D of complement were 
used. 
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Table I 

COMPLEMENT FIXATION TESTS AND STOOL EXAMINATION OF 660 ILA^ F PERSONNEL 
POSSIBLY EXPOSED TO INFECTION WITH S japOTttatm 


Number of 

sera 

tested 

MHD of 
complement 
det lated 

Complement fixation 

Stools 

Positive 

Negative 

Ova found 

No ova found 

(Positive) 

(Negative) 

391 

0 

0 

391 

6 

386 

22 

3 

22 

— 

12 

10 

26 

4 

25 

1 

18 

7 

10 

6 

10 

— 

10 

— 

11 

6 

11 

— 

6 

6 

11 

7 

11 

— 

8 

3 

9 

8 

9 

— 

9 

— 

9 

9 

9 

— 

9 

— 

11 

10 

11 

— 


1 

9 

12 

9 

— 

8 

1 

12 

16 

12 

— 

11 

1 

6 

18 

6 

— 

6 

— 

19 

20 

19 


18 

1 

2 

26 

2 


1 

1 

6 

30 

6 


6 

— 

1 

36 

1 



1 

— 

7 

40 

7 

— 

7 

— 

660 


169 

(•=30 2%) 

391 

(=69 8%) 

144 

(=26 7%) 

416 

( = 74 3%) 


the sera were positi-ve and ova not demonstrable As many of these mdividuals 
had aheady received treatment, some 6 to 8 months previously, the relationship 
of treatment to the positive and negative findmgs m the senes are summanzed 
m Table II (p 426) 

This senes of 560 cases includes 195 men who had, some 6 to 8 months 
before these tests were done, been given treatment with either fouadm, tartar 
emetic, or tartar emetic and fouadm No complement fixation tests had been 
done at the time In a small proportion of these men, ova had been found 
m the stools prior to treatment The remamder of the group were treated on 
the basis of a suggestive history and symptomatology, and/or arbitrarily, 
because of an eosmophiha of 10 per cent, or more In view of the presence of 
eosmophiha m certain R A A F personnel not exposed to bilharzia mfection it 
IS probable that a number of individuals treated exclusively for this reason may 
not have been suffering from schistosomiasis 
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(The retula ofacaiocd bj cocnplemeiu faxaooD tad bj rtocd nuniuiKai 
after tbe fnidal cotrrae of creanneot ue iboHD m Table ILL) 

Suux 60 per ant. of tbeu roeo aubaequeoiJy ibtmed on in tbeir sroola. 
U b olmcTui tiiat the treatmeot adopted biid not been generally elfectirc. It 
b not poolble to deduce from the aradabte data vbethcr bad the infestatko 
been o^icated the complement fixadoo toi rrouJd ba c hecorne negiDTc 
with the paxtage of time 

Tbc lemaimng 331 acre originally regarded dt not infected and ace not 
treated it the nine (Table IV). On re-cummanen oC blood and »tooU donn? 
tbc inrettigatian, 7 39 per cent, ahoaed ova m ihor ttool and 9 3 per cent, 
pare pouQre complement fixatron teaia. Thua In 90'7 per cent, of cue* origin- 
ally regarded a iwm-infccted, coofinnaden of duj opiruon aaj obtained by 
a detaikd laboratory mteariganon undenalkeii 7 to B moauha later 

QnirAJuaox or th* CoMFtDrcxT Fraxo Powia or Sua with tu* 

OiA Covron or Tire Srnoi- 

In ibe whole aenn there acre acvcnty-nlne caaea (rwenty tmtrcated, fif^ 
ntrr treated) m ahtch the aera fixed from 3 » 7 MJLDa <rf complement in 
these, cm mere present In the Ptoob in 683 (± 0 2) per cent lu a further ninety 
fenmeen untreated ’CventT-'« treated. In mhkb more than MJbD 
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Table III 


ANALYSIS OF 105 TREATED CASES 


Number 

of 

sera 

tested 

MHD 

of 

comple- 

ment 

deviated 

Complement 

fixation 

Stools 

Treatment 

Foiiadin 

Tartar 

emetic 

Tartar 

emetic 

and 

Fouadin 

Posi- 

tive 

Nega- 

tite 

Positite 

Negatite 

Ova 

found 

No ota 
found 

60 

0 

0 

60 

4 

66 

68 

2 

0 

18 

a 

18 

0 

10 

8 

14 

3 

1 

14 

4 

14 

0 

11 

3 

12 

0 

2 

8 

5 

8 

0 

8 

0 

8 

0 

0 

10 

0 

10 

0 

0 

4 

7 

2 

1 

0 

7 

9 

0 

7 

2 

S 

1 

. 0 

8 

8 

8 

0 

8 

0 

6 

2 

' 0 

0 

0 

6 

0 

6 

0 

0 

0 

0 

9 

10 

9 

0 

8 

1 

9 

0 

1 0 

7 

12 

7 

0 

0 

1 

5 

0 

2 

11 

16 

11 

0 

mSM 

1 

10 

0 

1 

6 

18 

6 

0 


0 

0 

0 

0 

17 

20 

17 

0 


1 

13 

2 

2 

2 

25 

2 

0 


1 

2 

0 

0 

4 

30 

4 

0 

4 

0 

4 

0 

0 


36 

0 

0 

0 

0 

0 

0 

0 

0 

40 

6 

0 

6 

0 

4 

0 

2 

Total 









twm 


135 

60 

117 

78 

172 

12 

11 



69 2% 

30 

60% 

40% 

88 2% 

0 2% 

5 6% 


Mere fi\cd, the corresponding percentage is 94 4 (±2 4) per cent Tins difference 
of 26 per cent betts’een the two groups is highly signihcant, as the possibiht}’ 
of It occurring by chance is less than 1 m 1,000 

Among the fifty-nine treated cases fixing 3 to 7 M HJD s of complement 
o\a Mere found m stools in 71 2 (+ 5 9) per cent and in the se\enty six treated 
cases fixing more than 7 M H D s o\a were found in 93 4 (±2 8) per cent Here 
again the possibility of this difference being due solely to chance is less than 1 in 
1,000 It Mould therefore, appear that a strong positne complement fixation 
test IS almost certain etidcnce of existing infection A Meaker reaction (fixation 
of less than 7 M H D) may m some cases indicate only the presence of residual 
antibody from a pre\ lously treated infection 

In thirty fit e cases primarily regarded as neg itit e and not treated one gat e 
a negatitc serological finding but ota ttere found later m the stools tttentt 












coMPLxnsrT nxinm UAirmn n mvrotoxKiu 
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Tuu IV 



firi-H froiB 3 to 7 MJLD j of complrmcDt and In 40 0 ( ± 110) per coit. of theac. 
ora w er e fcpond m the rtoolc: m fourteen, whjcb &wl mote TK«n ^ MILD of 
compknient, all stoolf contahicd ova Once morr the poesbUuj of this dUfer 
cnee occurring by chance u *^17 remote. (See AnaJytii oc p. 429 ) 

It thonld be noced, hemerer that «hile the demoostntion of ora In the 
stools a related to the presence of female schiitoaotne*. andgenk tdmuhtt 
may be pronded by other males or females. Thus In goats experfmentaDy 
infected with 5 sptndalt and treated »ith einetine or tartar emetic. Fadlet 
and Jasccajon (1926) fcptmd that In certain arumali ooly male schb- 
to«omev suTtired or that the ratw of male to female schiitosomes «s 
greatly increased (20 1). Female schisrasomn appear more semirire to tretf 
ment wuh these dnigs and ibev soggested that the surriral of malf pcbhto'oroe' 
foDowing u cati o e u r afforded one possible ctplanarwn for the perslrting 
ore reai^ocu found m treated anhnah sboiring no ora m the faeces. 

Later Faduit (1933) r e co rded a series of patients m which strongly pod- 
ore ctjmplcment fixation rtactkmj were obs en c d to persist for 4 years or 
























4)7 co3rrLm:xT mincur HucTKor rx soifiDSovrore 

Bxadon test u to be iralljiUe m the future, further »upp]kt of a imtiUe 
aoagen will be required. 

With tbia cod m riew an addiiMMial antigen bu been prepared frura the 
aample d dried Dten of loani infeated whh S sptwiale ref ar^ to preriooily 
whiA wai aho obtained from lodu in 19V "nieac Ihen, when freahly di 
aected had been dned orer cakiuro dilonde and aenled lo a glan ampoule 
before deapatch to Aortialu. 

Thii alcoholic extract of dned Irren (Dl*) waa prepared m the folkminj 
manner — 50 cc. of abaoltue alcohol (99 per cent ) waa added to 0*5 
of finely pondered cercartal Ureia. The mixture waa (haLen for 20 mioutea 
and Incubated for 24 hoara at 37 C After two further ihablnga for 20 mtnutei 
during incubatko. It araa ceoenfo g ed the cupematant fluid prpetted off and 
cooemtrated to ooe-third of Ita total rolome by bubbling air through tbc 
aoIudoQ in a water bath at 30 C 

The rtaudardirarion of Andgeo Band Andgcn DX.arc ihoan m Table VL 
In dOutkma of ] 10 to I 100 there doca not appear to be any dlffnence In the 
anrigenic properoea of the two anogena. 

Tuu n 


Tsc iTiiXDiaomTTOx «e n axiMixa. 
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COMM«LXT niATlOX ■CACTtOX r< mnOWM » 1^ 


Id Tible VII it »fU he ■ecn ihit vboi lbe*c xndgcm arc taed in a 
dilution of I 40 m the pr c ^ n ce of bOharzuM* acim, thnr i more complownt 
fixed Tilth Andgen B than tHiH Andgen DJ*, Ixit when the Utter h tmJ 
In a dilimoQ of I 30 there li no diJfcimre In the amount of complement fixed 
AlcoboUc extraco made from frohlr disjected malh Iherx Inferred with 
5 sptmidle mled in ampouler «ni keep for an iodefintte penod Dried err 
carUI Ii eri Maled m ampoule^ on a]v> he kept indcfinitelj the akohol 
cxtracu being made required. 
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4M 

the toti] number with cckJienM would hire been 9,300 and the ritto tboae 
with acute ricklmg cn»e» to thote with ridOaemii* wotdd be apnrtrdmitdr 
2 ISl ^ 


Fatal HAiuoLrnc Caisa, 

Particulan of the twelve fatal caaes of iKkle-cell anaemti are ahown is 
Table I The age at the time of the fatal entn varied from appronmately 18 
to 30 jeara with an average of Juat over 2S jeira. TbJi bean out the fiaing 
In Anierica that thoae with aicUe-cell anaemm rtrcly aumve beyond the third 
decade. In tliia tenet the fid! rn the number of red cella wti the moat obnooi 
fin£ng the loweat red cdj count on admiaaKm being 990,000 the higfaew 
3 790^100 per c. mm . with an avenge count of 2,035 000 per c mm. for the 
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acnea At the aome lime the baeiaogioba) percentage wu low the kjweat 
bobg 22, tiie higheat 70 per cent with an armge of 39 per cent AU palkno 
hid bilirubinactroa and eight of the tvcelve had definite jaundice of the con 
juncuvae In all there was aickUng of the blood r« rrro ts afionu by the 
damination of blood taken from a vxui under paraffin and fixed directly m 
formal aHnc under a liquid paraffin teaL 

The follcrwinj la an example of an acute aictling cm« m an African 
aoldicr — 

Pci E. A S Aihairti. Ate 25 ywv Semet, 2 jten. N ^tnJUems pw^i^ 
hiitOTT Adjnhtad 2j2.+t »ith Wrutwratuiv 103 2* F moitalhfonn mh en 5^ 
wd unw, BO Wlujipat iqn, bo c aui i ti or cooth. •ovoe tiBw afa id vnkjjroiwrrt of *D 
•opetficul tymph Bodei Dufoowd ai dai#ac 
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■ ICEl.E>CrLL AXUOn^ 


baoIU ta •putom •Itmiinia uzitwbtitnombllmMKlDoJ«ia<lIc». KL^ h m j .im U . 

I 000,000 per cmm. Hb. 28 per cent, j p»dctd cell Tolmno 17 per cent. , mne DuidiiS 
red ctDi per 100 ImKacytoi, Reticulocyte*, I per erot. Red ccb itowed ^ c(t« 

mI»oe^to»M md pcJdluc}to*U imay UtiK ctfi* pfwent. Bom mtrnrw bypoptotk* 
whh T«T 7 tew early red call p rec umj c* and actnry nomaiUaca. Total leuencytet, 
2,300 p ar cji TO. aifftrtBTBl WDcocyt* count, polyraorpbtcMckar Inicocrtw, 74 per cast, j 
Irinphocytia, 21 par cent, m wwrtn fkar*, 5 pac emt, Dunnf th* ncKt 3 day* the toopet** 
turc aaned from 96*-( to 101 F Dctplia bfcod tiiiariwiiai. death oceurred tltat 3 tkyt. 

i(il«an, Ihontb DOrmal hi *ise. had larfa infarct t poaterior extraouty hcah 
lung* ifaowad dl^Bc tobaroiWra brmchopnauenank. 

UlcDCS and SlOCLB-CXLL Anaemia. 

A reUtiODahip between ndJc-ccII aiuemia and ulcen of the leg* ha* been 
■treated m AiDcnca hj Hcuicc (1910) lo Amencan negroe* iC u stated that 
uken occur at tome thne or anudbcr in -40 per cent, of those with aicklc-ccll 
anaeoda. FetnUT RoetmoN and Zaouuas (1946) m ^Vest A&ia could oot 
detect any correlatioa b etv rte n tfac mcidcDce of ulcers and the g en er a l o c c ur 
rcnce of tkklacmia. In tbe twenty fire cases where a ajcUlng cnal* had been 
atbet a prlmcry or secondary cause of death there were three with acti rt 
tropica] ulcen throughout the whole command the admiasloQ nte for tropical 
ulcen was thuty-agfat per IfXX) admlssons to boaphal. 'Hiougfa the fig ur es 
are too tmall for ataosiml purposes, they thus fayour the ticw that aefin 
ulcen are owre Ckdy to occur m tboae iritb ecUc’^ell anaeiaia than in tbe 
general popoladon. If old scan on tbs legs are also then t hi r t ee n 

of the trolly fire casea sbenred erldeoce of baring had ulcers on the legs at 
Vitas owe in thdr history a rate of QD pet 1,000. However amoog 1,073 
Afirkan soldien examined at random, -434 or 403 ptt 1,000, bad old scan on 
theif ihina. It is of interest that ukeradve ginginus was present in very 
mai k ed degree m three of the twenty five fatal casea. UlcentiTe gingmus 
was a rare cause of admiasicn to bospitai in West Africa, tbe nte per I 000 
adnustions for Afocans bdng 1*05 ' 

HAEuCKyLoaertTBu and Siceuko Caim. 

Wink bilirubinaemla and htemoglobmAcuua occur dunng a tichling caim 
hacmogloblnuni is of rarer ocmrieuce. Theoretically tf sufficient haemogiohln 
IS hTwrated from baemotysed stcklcd ceUs there is no reason why tbe Iddoey 
threahold for haeowglobln should not bo o r er ca m ie. Etaio (1945) hts described 
ooe >**»«» we have now observed eight other cases in African solcBers 
and three in African women m srhieh haeroogiobinam his occurred In t»ocia 
tMm with acute hsemolyiis while aickfing of the red cells hu been demoostrsted 
ra Ttvo and has continued so long as tbe haemoglobuium per si st ed . 

It is etmous that before a dugnoaia of haemoglobinuTia doe to a eeWe- 
cell crisis can be tustained. other causea of hiexoolym must be exchjded- 
Thrce <***'— of pa j o iysma l hiemoglobinuna, giving positire Donath Landfteincr 
rewmons have been seen in West African aoldiert but no esse of acboJork 
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jaundice, march haemoglobmuna or of the Marchiafava-Micheh syndrome has 
been observed Blackwater fever has occurred with increasing frequency in 
Afncan soldiers (Findlay and Mahkson, 1946) and, since sickling can be 
demonstrated in the blood of 12 4 per cent of the Afncan population (Findlay 
et al , 1946), it is obvious that some Afncans who suffer from blackwater fever 
wall also have the sickling trait If sickling has no relationship to the haemo- 
globinuna there should merely be the delayed onset of sickling tn vitro and 
no appearance of in vivo sickling It may of course be argued that the onset 
of blackwater fever in an Afncan liable to suffer from sickle cell crises is 
sufficient to precipitate one of these crises 

Particulars of the eleven cases where haemoglobmuna was associated with 
tn VIVO sickling of the red blood corpuscles are shown in Table II 


Table II 

HAEMOOLOBINURIA ASSOCUTED WITH tn VtVO SICKLINO OF THE RED BLOOD CELLS 


Sex 

Age 

Previous 
history of 
haemoglobmuna 

Duration of 
haemoglobmuna 
m days 

Result 

M 

24 

+ 

0 

Died 

M 

26 

— 

4 


M 

22 



12 

Reco\ ered 

M 

25 



2 


F 

16 

+ 

2 


b 

23 



4 


F 

10 



7 


AI 

10 

- 

3 

Died 

M 

23 

— 

6 


Al 

22 

+ 

2 

, Recovered 

AI 

23 

+ 

5 

»» 


History of a previous attack of haemoglobmuna must m Afncans be 
received with caution since any occasion on which the unne has been dark m 
colour may be regarded as due to the presence of blood pigments in addition, 
at least 25 per cent of the male population has suffered or is suffenng from 
bilharziasis 

The following are examples of haemoglobmuna associated with sicklmg 
tn VIVO and anaemia — 


yeara Army service, 1 year 7 months Pneumoma 6 years ago 
rlnv nr, 1 ^ Admitted to hospital 7 4 44 , has felt unwell for 4 days , vester- 

wnQ 1 ° epigastnc pam and vomited all food On examination temperature 

remLtr.:r T.?°’ Liver and spleen not palpable , extreme tenderness 

L P conjunctnae Urme contains alburrun and urobihn but no 

Mila ,« Sn“^^"u\"e parasites seen in blood , sicklmg of red 





440 


IICZLC-CELI. AKAKH \ 


®.4 44 Urim, rwy dtjk red in coknir CDeUiot «Ib urrAi, hMiiK«k>bta aod uroM*. 
» ' bai fctr pw ceOi. BploaiB0(n«^p«b4a but frext test^nMM untW the 

blood cocTMcfc*, 2^ OOO per cjum. H*aiio*Wiii p « T .frt» t., S3 toc^ 
UocoCTtet, 19 000 per mm. fkfVTnTt of red cell* i* m 300 cc. ^ «Hok bteod 
were trmifueed. 

^ ^ H«eiDa(lob4D pef c en nge, 50 tcfcCaf t 

pre**at m urine, 

•0^+1 H«jo»lobio pereentBft 60 oo^ • few red celli itunr M 
uriDe free frcen blood p%ment rery niat frantuce of avVaacfrrM 
•■•4-H flacmocicibm penreoUre. n oo £« m« tlddiiv 
^44 HKmosloboi perujiuf*, £»S C«nptcta t eco tei y 


me (tin pnaentt haei o of WJ n 


Sl tmlm m SJ3 4 )«xri. Army amice, I year H« nuju eio m ^ 

mihria 3 mantba afo bad baacaaciotMuina and was In SoapfcW for wu reptrded 
a* blackwmMr few foo alcMisr teati perforeKd). ladwr dW B yean •« frcm wbM b 
tax] to bare been btadwater terer For 3 weeks be&re aitriilwkei oa had fdt ery tired, 
wud M adunf paha m tbe boew* wftb anorexia. IS I] 43 Saw* add^ ki let* aod 
aunt 17 1143 \ oerdtinc t mtemk, atoot* eery dark ^U.-^ m colour 18.1143 

Admitted to hoapital eo mp bra of trterand addm m the fcnbe cmtlup c df a t JatauBced- 
TrmpereXure Iw F . Urn 1 mcfaea bakm the cseial marfki tender Spleen tender 
but not palpable. Urine eopt eert alNmm, oniblUn wid haemoglobia ery dark red fa 
cofaur B rrfnr before ortret of haeaxigiiotbnaia. N malailaJ parasites Me fa tbr 
blood. Total red blood corpijacles, ..,160000 po <• 40 per <•«"'. g 

retfcolocytet 4-8 par miC to<»] faococytes, I0 4JW per mm- PoJi imxp booo el caT 
kueoeyva, 50 par cent, fytnpfcocyteaj-fl pet ernu , lan» manoaktdtan, per cent 
cotfoefWdls, 6 per cent, ffiood urea, 87 mt. per fOO mL Kahn nafabts. Red caDs 
thow M rrra tidlne 191143 Haomgfcbiiiuda centmoaa fncriiar casis and epltbafi*] 
ceOs tfi tbe tufa^ Total red Ho o d eorpuKb* 1 030 000 par » mm ilacermloba. .A 
per ee« patted red cell oIibm. 9-7 per eeta. Sktlmt re m pfwnt A packed 
red esQ trtoafoafas «a* befin, i pbxa beat glreD io 19 beam with two rlpon, tes^ 
pentores op t lOS^P 9D1I49 Red bfaod eorpuaclat, ..,0601100 per ejnn. Haereo 
plobfa, S3 par eetU. 1 leoenfacytm, 44 per cant A few red eeOa mmt w fra fackOot. 
After 0300 hours no furttee haerDockwanria was detected. Tba blood ctentes were 
as folfaws ^ 


1943. 

Hb 

parcentsfe. 

RJsx 

paremn. 

Rehoifeeytes 

blood urea 
perl^mL 

Not 18 

40 

3,ieoA>oo 

4-6 

87 

19 

23 

1,020 JWO 



— 

20 

53 

tooeooo 

4-e 

— 

l.afttr tmafuskn.) 
21 

42 

2,220 000 

5 3 

_ 

23 

36 

leoojooo 

5 3 

64 

23 

33 

1,910000 

— 

— 

24 

40 

2,000000 

— 

— 

23 

45 

2,200000 

5 2 

40 

9S 

49 

2.420,000 

3-0 

— 

Dec 9 

57 

1,600000 

~ 

~ 


Ob \7X44 pat>eat Iwd nfOr and tborl^ afterwards f rsai J dark coloured imae 
On admbawsr to bcapstsl ba was ja^stdiccd and coenpturwd of paxi and teodemes) ertr 
dM Deer and splca ttefoeuar«as 2 acbes beknr tire ritht costa] manrirt, (ba btter/ott 
palpable. Red blood eorpirecba, 3 000A*OO par cjnm. Hacmof fci t-a. 4 per coit 
ceOssbirscdM rra s«^IlnC urme cootsmed albutnm, mnbibo and haemcillobsn. lt.2.44 
Red hfaod corpsredr* 2,3'TOOOO per mm Itarmoflcibm 33 par cen Red blood 


i 
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corpuscles still show sickling in vtvo Blood transfusion, 2 pints (temperature up to 
105 0° F ) 19 2 44 Red blood corpuscles, 2,500,000 per c mm Haemoglobin, 38 per 

cent Blood urea, 300 mg per ml Icterus mde-? 24 Van den Bergh immediate direct 
positive reaction Plasma spectroscopically shows methaemalbumin Only 5 ounces 
unne passed in 24 hours Donath-Landsteiner reaction negative A further transfusion 
was followed by a ngor (temperature 107“ F ) and death Postmortem Lungs oedematous 
and congested , pericardial cavity, 2 ounces bile-stamed fluid , a patch of fibnnous peri- 
carditis on the antenor aspect of the left ventricle Liver ^ ery pale , spleen soft and 
fnable, shghtly enlarged with much pensplemtis Bladder contamed 2 ounces of blood- 
stained unne Histologically, all organs were very congested, the capillanes being filled 
with sickled red cells showing commencing thrombus formation 

Ellen A Age 23 years , mamed, no children No penods for 3 months , had been 
anaemic smee childhood and had occasional attacks of severe pain in the larger joints 
Admitted 22 4 44 with a history of bronchitis for 1 week Temperature 99 4“ F She com- 
plamed of severe pains m the ankles and knee jomts Her conjunctivae were jaundiced 
The liver was not palpable but the spleen was 1 inch below the left costal margin The 
unne contamed albumm, bihrubm and haemoglobin The blood showed no malanal 
parasites but the red cells sickled vt vtvo There was marked polychromasia with nucleated 
red cells, and many hypo- and hyper-chromic macroevtes Haemoglobinuna and tn vtvo 
siddmg contmued for 4 days No malanal parasites w ere seen in the blood The blood 
changes may be summanzed as follows — 


Date 

1944 

Red blood 
corpuscles 
per c mm 

Hb 

Total 
leucocytes 
per c mm 

Reticu- 
locytes 
per cent 

Sicklmg 

tn VIVO 

m vitro 

Apr 22 

1,950,000 

32 

8,000 


-I- 4- + 

+ + -I- 

28 

1,690,000 

27 

10,000 

8 


-b-f-b 

May 1 

2,100,000 

35 

9,800 



-1- + + 

-b + -b 

9 

2,410,000 

45 

— 

4 


+ + -b 

22 

2,680,000 

50 

8,200 

4 



+ + 

Oct 28 

3,200,000 

63 


— 

— 



In these cases occurring in African females the symptoms, apart from 
7/1 vtvo sickling, are similar to those of the rare acute haemolytic anaemias of 
pregnancy seen in European women where there is jaundice, a reticulocytosis 
and, in severe cases, haemoglobinuna Witts (1932) considers that this 
anaemia of pregnancy is a true Lederer’s anaemia 


Pregnancy and the Sickling Crisis 

Reid (1936) showed that an acute sickling cnsis may be associated with 
death dunng the later months of pregnancy Sodeman and Burch (1937) 
found that in those with sickle-ceU anaemia pregnancy aggrai'ated the anaemia 
while Kobak et al (1941) observed that women who suffered from sickle-cell 
anaemia frequently aborted Our observations confirm these findings 

Of eighty pregnant women whose blood sickled i/i vitro on admission to 
ospitel, twenty-eight died Three of those who died produced dead babies 
at ull time while four others who died aborted at from 3i to 7 months Most 
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cotMQcqslj tbo pregMocy endi m tbo Utcr month* bat hi one patient tbrtt 
conaecutrrc prtgnindc* h»d ended before the 4th month whhtn a pmod of 
2 jwu 

In order to throw hght on the quation of nckllag »nj inaeini* dunnj 
pregnancy in Africa bacmattdogical exupi aa G opi were iMde of 133 •womm 
diTided into fcMT groupi. Tbe armge molts art »bo*ii in Table HI the 
acTcnty fire Eoropetn women who were not p reg nan t had been in Wot Afna 
for fnro 6 to 18 month*. 


T&aia in. 

runuTOLOacciU. a r» at nsmi.'* aa amcvr 



It w31 be ecen that in ooa prcfnanl African women the nombcr of red 
and the h a e n tog l obiQ percentage are both l o w er than m E u rope an women 
In pregnant African women the figure* are conaWenbly lower Rconx (IWl) 
haaalmdy drawn attention to the tdgb degree of macrocytic anaemia in pregnant 
women bm only pme ots of the 100 women in her aenea were reammed few 
ncUmg The figurea here recorded tbow that in pregnant women adio*e blood 
nckka i* ctrro the degree of macrocytic anaemia » more pitutouftccd than In 
tboae pregnant w o me n who do iwt aidde. 

Acute haemofyDC ittafLi may begin early m pregnancy and coctinoe a( 
unerraj* till a zmacaniage ocean a* the foihnrtng caae ahem* — 

AJt., i«cd 20 jrara, aban 18 ncdca twcuau t w adnwttad to boapftil wit h 
Cuifa, (It^Doaed a* papOkam i/ bbdder but on cyuoacopr no paptOoata end no rrUeoca 
of wen feutnL Urkw ttartaw d tc utou y ta* rtd blood cor;ai*d** t 
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Kahn reaction negative Temperature ^6 to 99’ F , no jaundice Two years previously 
she had had a threatened miscarriage at 3 months and had finally miscamed at 4J months 
After a week m hospital the haematuna had disappeared and she left hospital 

When 26 we^ pregnant she was readmitted with severe headache, sharp abdominal 
pains and pains in the larger joints, no malana parasites m the blood The blood showed 
immediate and complete sickhng tn vivo and m vtiro She was breathless and had oedema 
of the feet and ankles Temperature 100 8’ F The blood picture was as follows — 

Red blood corpuscles, 1,200,000 per emm Hb , 32 per cent Cl, 1 33 Total 
leucocytes, 16,000 per cjnm , polymorphonuclear leucocytes, 80 per cent , lymphocytes, 
16 per cent , mononuclears, 2 per cent , degenerate forms, 2 per cent She was trans- 
fused with 500 c c of whole blood and given hver intramuscularly together with iron and 
left hospital after 9 days 

Twenty-eight days later she was readmitted with acute abdominal pam and excruciating 
pains m the knees, ankles, and shoulders Six days later she miscarried, at the 30th week 
of pregnancy , the foetus was dead The patient had no complications, but when seen 
2 months later she still had severe jomt pains 

The blood picture was then as follows — 

Red blood corpuscles, 2,600,000 per c mm Hb , 48 per cent , reticulocytes, S per 
cent Total leucoc^es, 12,000 per c.mm She refused further treatment 

There is evidence that the children of mothers with sickle-cell anaemia 
may die in a few days after birth, even when the baby itself is not apparently 
a sickler 

The following cases illustrate this point — 

M B , aged 25 years, anaemia. Blood sickled immediately and completely in vivo and 
in vitro Caesarean section performed at 34th wedc of pregnancy The child, a female, 
did not sickle but died on the 3rd day after delivery The only other child had died 2 years 
before, withm a few days of birth 

L T , aged 23 years, sickled immediately m vivo and tn vitro Red blood corpuscles, 

2.100.000 per c mm. , Hb , 45 per cent Total leucocytes, 14,000 per c mm , P C V , 34 
Full-time delivery, baby son sickled and died a few hours after birth with a ruptured 
spleen , no malana parasites present m the foetal or maternal blood 

E T , aged 30 years, jaundiced, complete and immediate sickling m vivo and in vitro 
Hb , 60 per cent , baby son did not sickle but died a few hours after birth from 
a spontaneous rupture of the spleen 

WW , aged 16 years , sickled immediately , spontaneous dehvery at S} months after 
five ante-partum fits , baby son did not sickle but died on 2nd day with an mtracramal 
haemorrhage m a second pregnancy rmscamage occurred at fij months after a period 
of severe pams m the back and joints The blood picture was — 

1,1 blood corpu^les, 1,600,000 per emm Hb , 22 per cent , total leucocytes, 

1 4.000 per amm , differential count, polymorphonuclear leucocytes, 80 per cent , lym- 
phocytes, Iw per cent , mononuclears, 1 per cent , reticulocytes, 8 2 per cent 

As a rule patients wth sickle-cell anaemia and haemolytic cases do not 
live beyond the third decade but as the following case shows sickle-cell anaemia 
may occur after the reproductive life is over 

A P , aged 54 yMrs , sickled completely m 12 hours , she had an attack of jaundice 

years ago smee when she has never been well During all this time she had been very 
attack of jaundice occurred 1 year ago She complamed of mdigestion 
and had such severe pains m the ankles, knees and shoulders that she was regarded as 
suttenng from osteoarthntis On adrmssion to hospital she was giddy, breathless and 
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comraonlj the pregntncy end» m the liter mooth* but In one padeot three 
cotaeoitiTe pcegmiiae* hid ended before the 4th month vritbin a period of 
2 yean. 

In order to throw light on the quey&on of tickling and aneniu dm^ 
pregnancy in Afnea, biematologicil exandmhoni wwe made of 193 wotnen 
dirided into four groepa. Tbe arertge moha are ibown In Tibie III the 
•eventy fire European women who were not pregnant had been In We»t Africa 
for from 6 to 18 montha. 


Tawc III. 

lUr'MTOCOOaCAt. MTX tn BSaortAa AMO UKOM WOW4. 



It will be aeen that m non'pregnaot Afnean women the nunibcr of red 
ceils and tbe haeniDglobin percentage are both lower than in European women 
m p regnant African women tbe frgarea are cooriderably lower RtmiX (1941) 
hat alrtody drawn attention to tbohigb degree of nncrocytjc anaemia In prefoant 
women but only plnw oot of the 100 woroeo in her aenea were examioed for 
ticUing The figuret berc recorded ahow that in pregnant wrunen whoae blood 
Btcklea ta citro tbe degree of macrocytic anaemia ta more pronounced than in 
thoae pregnant wo me n wbo d£> not aickk. 

Ainitc haemolytic attacka may begin early in pregnanev and conomie at 
interrala till a macarriage occur* aa the following case bow* — 

A-A-, Wted SO ye*™. »ben 19 week* praennt waa admitted to twprtal with haem*- 
tuna <C^iuaed aa paptbom of bladder but oo cyrtoacopy do paptOotm end no eriduK* 
ot ^ « em found. Urkw coDteswd le um eytee end red blood uapuaJf* 
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apparenti) good health, said he felt verj hot and, after Mashing himself, collapsed 
and died The spleen was 160 grammes in n eight \nth red and friable pulp , 
the kidnej's were swollen mth numerous small haemorrhages in the cortex 
The red blood cells had all undergone sickling No other cause of death was 
found 


Discussion 

The obsenations here recorded show that sickle-cell anaemia and acute 
sickle-cell crises are factors of considerable importance in the pathology of the 
West African native 

The iijmptoms described in West Africans arc similar to those found in 
negroes m the New World Joint pains and pains simulating an acute abdomen 
arc not uncommon , presumabb they arc due to small thromboses and infarcts 
Small thromboses maj be the cause of the liability to ulcers of the leg, 
first noted by HERniCK (1910) in association wath sickle-cell anaemia , the 
underlying bone changes base also been suggested as a cause It is of interest 
that while ulcers of the legs are not correlated with pernicious anaemia, thej 
do occur m association wath acholuric jaundice which has many similarities 
to sicUc-cell anaemia In two women with sickle-cell anaemia seen shortly 
after they had passed through hacmol)a.ic crises, severe ginguatis wath Vincent’s 
organisms also was present These two pauents both had purpunc spots with 
platelet counts of 120,000 and 300,000 per c mm 

Bronchitis was a not uncommon sj'mptom, while intcrcurrcnt infections 
were frequent Nenous symptoms were also noted m one soldier who died 
with acute sickling and a small fibrotic spleen 2 in by 1 5 in , there was a 
cavernous sinus thrombosis, but this was associated wath pneumococcal men- 
ingitis In two other soldiers there was cerebral thrombosis with necrosis of 
brain tissue In a boy, J A , aged 10 5 cars, who sicklcd completely m 24 hours, 
there wws a thrombosis of the portal vein and enlargement of the spleen with 
much perisplenitis Tw'elvc weeks before being operated on he had had very 
severe left-sided abdominal pain lasting about a w'eck Despite the fact that 
his haemoglobin was 39 per cent and his red blood corpuscles 2,840,000 per 
c mm , he made a successful recovery 

At postmortem infarcts of the spleen have been found with considerable 
frequency 

A symptom which has only been previously recorded by Evans (1945) 
in association ivith sickling crises is haemoglobinuria In addition to the 
eleven cases here described, Dr R D Reid informs us of a negro patient 
who had haemoglobinuria during an attack of yellow fever from which he 
died At the postmortem the red cells were completely sickled and the spleen 
had the characteristic microscopic appearances seen in patients dying from 
sickle-cell anaemia 

So protean are the symptoms of sicklc-cell disease in Africans that it is 
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con»i»ed 1 no J«umljc» bat bfHru hrw in it. Tanpenturo, lOO-r F Tbe b*rt 
d£btcd whb hMoWc imumuri in alt ann. Tba tphto and Drcr wen ocd w 

tender orma cnotainod albamm. 

Tba blood pjctnra w*a a fcOowi t— 

Red bkpod aajndem, I^OOO pw cjum. Htu. 16 per «Ht. Totd IweneTtw, 
4,300 per cjcm- 

SiU dkd 43 boura after a dmjalo n and, m&etirnetely no poetmoetem wu j - nm iiit 

Although ccrtziii fcatara of the coe aoch ta the abaeiKe of a leiicocjtiMti 
and of umnedme nckhng nggeit that thn wu not a typical enm, the hotory 
of past cnao aaaodated with Jaundice and pfofound anmma aial nckfiog 
nggoti tlcUe-ceU anaemia. 

Tbi DLKTtoni or Sicelazmia. 

caaea which hare been oted ahow that while the aickkag trait b tinaa* 
aodated with any definite aymptoma the afcUc-cdl cnab preaeota a my dear 
dmical ptetnre of aer ere anaemia, wcahncaa, bOlrubniaeinla, Jaundice and 
poaalbly haemogiohemtm combmed with acme piin« iq the larger joints aikl 
not mfrequently pains m the abdooten or cheat, together aa a rule with fem 
The prevj .ee of CKknng ta erra or of immedute ticLIIng la eitro ctrofinss the 
diignoab. 

The aymptona aaaodated with aufUe->een tnacnaa, apart from cnaes, are 
leaa easy to difiereodtte that they may be confused with terdary yaw? 
gonorrhoeal rheuntatiam. bUharmsb. anaemia due to malnutntk'B, ntilaHt and 
hdoanttae infeedoos. 

In tertury yawa the pam u more isaried m tbe shafts of the long boees 
than In the jomta in gooonhoeal rheumatism and in septic arthritis due to 
sTaphylococa or ttreptococa the jolnta are swollen and in&med. 

In caity blihsLmasb thoe may bo acme pains in the moaclea, etpeatUy 
of the back, ahoolder and chest the Joints are usually imafiected. hblaib 
may also giro me to aching m tbe muadca. In Africa nany of these dbcaaca 
ma y be found casocisted with nckle-ccU anaemia tn the aams mdindusL From 
25 to 60 per cent, of all troops in West Africa, for instance, suffer from bilhsr 
duis In the same way It u not oncommon to find that tiddc-ctll anaemia ti 
combined other with ntacrocyuc or dimorphic anaemia. 

In tKklc*cdI sudden pam in the chest may simulate coronary 

thrombosis. 

ple.F BfedM Tern, fare hi*to*7 e/ 'rafoe jwnw foe raany ym* lb* haotwfWw' 
was 53 per cent., teS^ red btaod corpoacles 9.150 0€O per aim. !{■ red ceOt txUed 
comstetety tn 24 boon Duriiif tbe cmirat of pTrexal attack of onkfawm erlffn b« 
aoddcnly derctoped waits p rse c oc dw l pen shootkis down tbs kft wm. Ilh temperature 
fcQ to aabrarmal and be was cry oollapseiL Ekctfoear dn yrip hi e exarmnatioD rertakd 
DO ibnocTHsltfy btrt X-ray of the dwat showed an urefulsr motliBjg tbe upper kb* 
of tbs kft lunf. 

In imcTpiajDed causes of sudden death in Afneans acute sickling •ppesra 
to be a postJble contributory factor Thus L Cpl \LG who had bero io 
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Underlying hi ngjn. cause of the i / ^^^niboses ar,^ °^°^cn 
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I good nik to perfonn tcfts for tm atm tad m crro ncklmg m aQ cnes ittowTcg 
■oarmit ir>d m tfi othcn where the diagnom u m inj doubt. 


CoKCLOHOCa. 

SickJc-cefl htetooffbc cnaea maj occur m both aexea aad at aQ tgci la 
Wc»t Afncam. 

During the Utent phaae of ■icUe>cd] antenna there are no aymptona 
bejond occsnona] joint pauti a cruu It oabcred m bj joint ptini, pi^ b 
the abdomen, orer the region of the ^>kcn, and tometiiDa in the cbe^ 

The crins u characteracd by a great reduction in the mirnKfr of erythro- 
cytei by the presence of nonnoblasta in the penphertJ blood, by a rcuculocjtc 
reaction and a teucocytoch, and by bthniUnacmia, if not by actual jaundice. 

In a certain number of cases htemoglobintirU oc cur s, thus rinnibtljig 
bladcwater fever 

Pregnancy predlspoaes to a crms which generally though not invanahly 
leads to death the foetus. 'Hie infanta of women wfao han pancd througfa 
a cnsi appear Itible to audden death within a few days of birth. 

Blood tranafosiom are tbe ooly sure method of aaWng life dunsg a 
haemolytic crma. 
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nAiaoQCTK Di itv-mn h luiAjnA 


10 gnlnt, dil, lulpbunc aod >0 mhilms uxl witer to 1 cz.). Hui «ri^ foOcncd 
by itebrin (Biycr) 0 1 giunme tXd for 5 dxy*, md thoi pljxmoqume 
001 gmame for 3 diy* wmi gl rco to ciery other c»« in wfakt cracenti iwe 
fmind. 

The dooge lued for diitdicn w» qulnme tulphate 5 gnin tld. for 
chUdiesi 6 to 12 yean cid, 5 gmst bJ for dJUren of 2 to 6 yean, and 5 grafan 
daily for Infants 6 months to 2 yean. The dougc of atehrio used was 6 to 12 
yean 0 05 gnmme luL, 2 to 6 yean 0 05 gnmnie b d and 6 months to 2 
vein 005 gramme per day Plasmoqume was giren in doses of 0 005 gnnm a 
tXd. to chUdren 6 to 12 yean, 0005 gtamine b d 2 to 6 yean old. and 0 005 
gramme daily for those 6 months to 2 yean. In all cases of the senci of 
obvrradoQs on all age grotxps an appropriate dose of sodiom dttate was ghen 
with each doae cpf pUimoqalne the dose toed for adults being 50 grains. In 
neither series of observanons were any tone symptoms obscircd nor compliawi 
of by psHenti. 

ScaiEs L 

In this senes of obserratioo on adult Somali males (R.VA) a Wood film 
was taken on the 8th day of treatment and If Degarire was lep ^ cd the nen 
day Eeery alternate otse ibewtog creacenis in the pcrfpfwnl Wood on the 
8th or 9th day was treated with plasnioqulne as abort. In both plaxrDoqidne 
treated ea«ei and control cases blood slides were taken dally until two co os eco- 
tne slides failed to how gametocyiet. 

atitit tL m raaanDcra. 

In all fercy-dre care» were so treated- In the platmoqulne group (twenty foor 
cases) the shortest mniral time of cresc en ts in the pcdpbeial wood after tbe 
8ch day of quplne and atebrro ireattncnt was IcM than 24 houn and the 
longest 8 days. The senes ua 454141348344 1 32,1 242, 

1 6, 1 days. The mean urrlral penod was 3 days mer all cases. (The co- 
eEoent of ranatioo — 4 per cem.) 

In tbe cootroi group ^ twenty-one ca«es rcccir in g quinine and atebrin oolr 
shortest rime of nrrrhal after tbe Sth day tra 3 days and the longest 16 day*. 
The ca«e series was 3 6. 4 12, 3 9 8 10 13 16. 13 4 IS 6,5 5 15 13 5 7 

dav*. giring a mean fnirira] peirod for aH C3<e< of oxer 9 (The coefficient of 
anaDoa»38 per cent) 


Szjia* n. 

In this senes of ob'enaiKjo* ererr alieniaie ci«e showing OT'Ccnt* cm ihc 
day after the completion of tbe qumlne and atebrm coarse wa giren plas- 
moqmne m tbe d CM ge outlined abote. I e I day of test wa ghen In aD ca*es 
before plasmoqoroe wa* commenced If pauents did not show uesctoa oo 
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pathology of leprosy in view of the •tnmg tendency towtidj namnl x^rrrtfj 
m mild neuiil type*, which rarely become kpromatou*. In the Utter fonn 
the ttroog criliilar re*mancc of t^ neural tjpe U lacking. In recent yem, 
the work of MmeuA, DniaMrypaa, Lowe, arid other* oo the lepromin tot 
hai coofirmed the dnuc reactwm hi Upnxy a* a form of allergy Fnx (1M3) 
pcant) out that hyperergic inflammapon male* old Icnooi appear Uke new onet. 

Under these arojinmncc*, the chsnficaDoo of leprosy by Pajido-Cdstiiio 
and Tujrr (W3), which has been faroorably tttciTed in South Amertca and 
m the United Sate*, deserrei coDsideratMin. A tummary of thi* U giren 
below — 

1 LtpnmiMlmif — with the presencr of numermis hadHi and DCgintt 
lepromin test. 

i Tnhenulad — with only rare badin and pontire lepiomln test. 

3 Non^peafic — with few hodlli and about equal proportlou* of p o dn r e 
and Degantc lepnnmn reacdon* and with a tendency 
to develop mto other lepromaroos or tuberenkfd 
form*. 

The non-*pca6c leskroi mcIiKle erythematous, pigmented and achromlc 
form*, with alight enUrgetneoc of the penphcral o ei r ta . The tUsue* ibow 
ample tafUmmatory chiogei charaaemed by lymphocytic acnttnulaiioo* 
round the blood vcsselt and amall p tr r es . These aothors rccoo- 
mended for the differential dUgnods of this type of ose that the tkJn shooU 
be prkked with a Qeedk through a drop of I m 1,000 htnamine. The occur 
rence of an erythematous halo around the rapidly fcaming abeal Indicate* 
that the nerve eodmgs are intaa and that the case b not one of early iepro^ 
In podtlre the prognoM may he foretold by means of the Ic p tomm 

reactirtd 


Lenutsr aa a Mtutabt PnoauEst iw Imka. 

Accordh^ to the Bnttsh £m/xrr Ltprorf Rebrf Aaonttwn (/«Aa Cuss 
al) Arutual Report J94I It b estimated that there arc over one mlllioo leper* 
m If early '•*«<■« are included. Id »ome area* the endcmicity b a* high 

as 5 to 10 per r ent, of the popaUnon InfectiTe canes namber about 150,000 
of which about HXOO are cmied for in l□vritatwnJ (thb number indodes many 
rrothinfecOTe crippled nerve cases). In Bengal 4 per cctl of the police fomc 
show tigns of leprosy practically aO In a mSd form. 

Before the war when reermong was largely lim ted to Norrbem India, 
where ctslcmiaty of leprosy b low c ac ept in certain hQl rtgicni It wooU 
appear that there were few mllhary lepm. The estpaniKm of the army and 
recruiting on an aB-Indla bans hare ma terially altered thb poddon. 1° 
mlDtary pracoce, tl^ dlfferentiatioo of infeenre and noo-mfectire leper* b ocs 
prmctlcible and ducharge from the army m r be effcaed a* »ooc a* the 
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Honuci End Facet (1944) draw attcndai to the &ct, not genenHj' «ppt 
aaicd. that the WtMermmn md Kahn leactioiis are frtqtMitly poBtirt a 
Icproiy ayphlla bemg ataent. In 693 ca« of all fonm of Icptwy 287 (41 4 
per cent.) gate a potiore reacnoo. They itite that there u an inoeaie ca 
decreaae of rcacuon m one or both tero which h doaely related to the cfinjol 
mantfestaoacu of the dxaea^ 


D am aiop«T 

According to Rocnaa and Mtfia (1940) rhh a only justified m caaei m 
which bacteriological exarntnatioDa are Dcgadve and the rlintcal iign* art 
doubtful In inch caaea there k aa a rule to be iccn m McdcKB of the ilm 
little that u clearly pathogoomoiuc of lepnay aa compared mth other dun 
daeuei. It ihould be realized, bowrvtr that the rajt majority of raditaiy 
leper* fall mto ihk category A wiD be ihown below the Infonnatko 
derived from ttm bupiy gi a a higher pcrrrntagc of ccofinned dugnoaa 
than can otherrrke be obtained, nnce kprotiun n not imvally arallablc m 
nuUtary practice. 

The mterpretanoo of ddn Uopatca iiom ruapecred leper* u a di&nlt 
matter except m lep rom atotn caaea and can cdy be imdeTtaleD by an expert 
biatologkt It k ewental for the laner to maintain • dewe riat*^ with the 
rTlntwin Iq the prea mra of a dmlcal kprltk, tlw hlMolognJ appeanncei of 
die major mbcTCuload type are auffidently chineteikdc to afford abadote coo- 
ffmutory diagnod# In the majority of caaea. Id the miDor ruheradcad type 
the findiDgi are rather leet otmoua but are neterdielcaa of dugcoenc ilgnlE- 
ganeg. 

Tuberculoak ctitk cannot be difiercndated with abaolutc certainty on 
purely hktological grotmdi here the dmlaU appearmrtca muit aerve tj a 
gukle to the interpretaticea In doubtfo] ca«ex. a guincajng muft be inoenkted 
with an emolclan of the (bm leticm 

■Whenever nerre fibrili can be Idcntibcd m the aecdon. the chancet of 
mating a ponave dUgnom of kprofy arc greatly enhanced. Caetaxi Decdcd 
(1942) l u ' mcj the importanoc rf ncunih m the hktologlcal differennatkin 
of kproay from other tubcmilord gianulonuta. He deactifaei a chiraCTerkdc 
“parvartcnal nemal InfiltratKJQ which cranmericea round the nenc Ebiib 
but doea not Invade rbe vaacular atructure*. ^ the diaeaae adrancea dotnictkio 
of nerre fibrik leiuien impcaobV ihk diagnoatic aid. Cocmuiyx (1945) ptinis 
out that when large nerve mmij become Inrolred by the tuberaiJaid reacrioo, 
“ ah*ce*ae* may form within the nerve abcaths taming irTepaiable deemetne 
Iciwiii- Apart from a minor degree of endarteridj obllierani vaacokr changca 
are not obnow except in the lare Lucio Icproay athcre Mvwnxti Bvn 
(1942) dcacrlbea an acute endovaacuhtia. The main diagnoatlc feat ur ea of fuDr 




Tig 1 Skin of nmi , fulh 
developed tuberculoid leprosv 
An epithelioid and giant cell re- 
action IS occurring in the subcu- 
taneous tissue Nerve fibres 
are undergoing infiltration and 
atrophv H &. E 60 


Fig 2 Lower left hand of field 
m Tig 1, X 27 S A degenerate 
nerve fibre is seen surrounded by 

epithelioid and round cell sv stem , 

with a giant cell of “foreign 
body ” type close to it 


Fig 3 Skin of arm , earlv 
tuberculoid leprosv Nerve fibres 
are easily identified but there is 
commencing round cell pen- 
neuritis H 8- E x 80 
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Dennis and subcu- 
taneous tissue 
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and endoneuntis affected Epithelioid 

f mor tuberculoid leprosy is sho^^i ^prides 

Skm biopsy ^ ^ ^ C at the Southern Army 

M,or t Kaamca, a A • ^ 

Abacrsm or Sam -'^^^= 0^0 1- bropsres 

1 technique cnsoECted lesion, 

anaesthesia Length is J fonnol saline for 

irregularly distribute This is fi^ed m 10 per ce ^^nsferto 

(b) Preparation of specim alcohol overnight ih ^ ^ 

n to 24 boom and chloroform for ^t Embed 

absolute alcohol for chloroform at 37 in the usual 

caturatcd solution of par* Piours Sections are pr P ^^ectlv saU'- 

,„ porafUn tra^ (one dd^^^Smato^ybn and ^^S.es of 

tcry dilute Masson'S aniline blue Ihca pp 

a green or blue background 
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2, TASOLATKor or nxDoeT*. 

Number Percnu 


Po^itnc leproay 

60 

460 

Doubtful leproay 

14 

80 

Orher kiloiu 

6 

34 

No diagnoau 

74 

4-’ 5 


Among ibe porjdre lepraiy cnei, WTcaty-Dme were ot rubercukid type 
(tndUn) »3id one w»i kpronutous (» Weit African). Add-fan mnr 

dcmoTHratcd In a few oC the nibcrtiUoid (pcamem, but Zietl-Ncelvn namiflg 
waj Dot adopted at a roudoe. tmcc mbcrcnkicu emit cannot be diflcrendated 
from kpTT»y tn rach ca^ by thb mcam. 

The nx other letioni comprhed mollujcum contagiovjm pKtnasK 
ptoriairfonD lypklDde, Gcben pfainut. pjrynasK mbn p^aih and lo ycodi 
fungOKka. 

During the period cm ere d by tfactc Uopixt 276 tmpeaed Icpere were 
admitted to military boipitali in the Poooa-RJrkre area and 2M were mcdkaHy 
boarded and diacharged fitxn the Aitny at Icpen. (Tifty-tcTtn of tbeteweieWett 
Afncant and the remaining were India na.) It b not pcatlble to rote bow many 
(Cagnoret were confirmed by demoratiation of add-fan badili in tmeari or by 
trammatvoo of riasue teetiona. The eighty poniivt c*»m devrifacd abort 
howrver ippear to repreaent a btr pr opo nl oc of tbev diagscpred ai kpere 
dimog thii penod and it b unlikelr that coofirTnatioQ of the cHagnoar* by 
cranjioaoon of tmean could hare been effected. 


StMMAKT 


1 The eflmad and Datholopod daidfiration ot lepiray W briefly dexribcfL 

2. The methodi of Ubomtory diagnodt art diacutfed with particular refer 
ence to kin biojwy 

3 Ad analyda of 174 blopalea freon aurpected lepere h giTtn, rhe diagood 
haring been confirmed In eigbty <*aea. 

4 It b ruggetted that ikin biopar afford* the most rapid conGrmarory 
erldeocc of the tubcreuloid type of leproty mon fretpiently encountered in 
military practice hi India. 
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THE METABOLISM OF RAT LFPROMAS AND OF RAT LEPROSY 

BACILLI * 

BY 

RIVKA ASHBEL, 

Department of Parasitology, The Hebretv University, Jerusalem 


Lepromas o£ rats heavily infected with rat leprosy were removed hy 
biopsy parts were used for histology and parts foi the study of oxygen con- 
sumption, aerobic and anaerobic glycolysis m a Bancroft-Warburg apparatus 
according to Warburg’s methods Histologically these lepromas showed a 
uniform picture, they consisted of masses of cells stuffed wiA baciUi and with 
nuclei containing relatively little chromaun and indistinguishable from reti- 
culum cells There were practically no other types of cells, i e , no round 
cells or large mononuclears Irregular patches of necrosis with broken up 
nuclei were present throughout the lepromas and these necrotic patches con- 
sisted mainly of masses of bacilli After determining the gas exchange the 
tissues were removed and their nitrogen content determmed m a micro- 
Kjeldhal apparatus The final results (Table I) were expressed m c mm per 
hour per milligram N As can he seen from the table the lepromas consume 
oxygen, hut there is practically no glycolysis aerobic oi anerobic The 
respiratory quotient varied from 0 56 to I 0 

Heavily infected lepromas from rats and from the hver of a heavily 
infected hamster were ground up in sand, sahne was added, the mass stirred 
and slowly centrifuged for 3 minutes The deposit was discarded and super- 
natant fluid was removed and agam slowly centrifuged This was repeated 
three times, and finally ifter rapid centnfogation the deposit consisted onlv 

•This work was earned out with a grant from the National Medical Research Council 



-4M MCTAMUtli OF BAT UPBOVA X 0 BXT LmOST BACHXl 

of baaHu Tbe*e bac31i freed from tnnics were pitced m a Bancro ft Waitraij 
apparatus, the respiranoo determined and eip resicd in r-mm per hemr per 
rndligram nitrogen as deicnnir>ed In a mirnvK^cIdhtl As can be spep frota 
the table iha bactena freed from tnnica consume cn.y g t-ti, but tbrrr was no 
evidence of gljcoljsis under aerobic and anaerobic condhkns. 
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SmotAar 

Hearlly mfeeted rat icpromas coataming celli of a uniform type stuffed 
with rat badTb show o iyg en coctsumptian but no aerobsc or anaerobic 

glycolyra. 

BadQU liberated from tlssoes also show o xygen consumption bot no 
aerobsc or anaerobic glywlyalt. 
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.... SOME OBSERVATIONS ON THE CHEMOTHERAPV OE KALA-AZAR 
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Introduction 

Sir Leonard Rogers (1939) has pointed out that S 

the treatment o£ leishmaniasis is one of it has received 

modem chemotherapy, and merits rather wi er a certamly small 

The literature referring to the chemotherapy of leis probably 

compared, for example, with that refernng to ^^^tion die tem- 

because the latter mfection includes in its geograph development of 

perate climates m which there has been the most mten 
Tciennfic medicine, whereas the former is largely restnete P 

• This paper is published with the permission of the Director of the Sudan 
Service 


1 


fubtroptcal trot. Nocnbekn the area of aotld* nniace m whith koh- 
manmrt ocom u lirgc. The infection may be as protean m hs manifontket 
cod as interesting in hs wealth of dlnioU material as typhlEa, while b sotoe 
fonns It U more deadly m its rcsnhi. The present writer behcres abo das 
kaJa-a 2 ar U a daesK of unique interen from the point of cbemodjerapy fet 
sereral reaaooa. 

I In the first place h k one of the dkeaset for which eScedrt theroo- 
therapeutic agents are now on the marirec In condderabie rariety 

2. Sccoodly kah-arar u imown to be a scry fatal disease In the abwncc of 
treatmem. In diseasea like poenmonia or gnnorrhoea it may be dlfficnh to 
assca the value of a new apeohe chemodvrapy because prerioui resohs 
obtained by other tDcthodj of ncatment were often good. Tiui a not so b 
kala-arar becatae the older methods of u ca im enr had no success b ihh dketw. 
Its emtse was completely una&ded by any of the nuroerous remedha abxh 
were tned before the introdoctioci of ainitncny (Caaixcu, 193C^ Therefore a 
■maD number of caws u groerally luffidou to demcmstialc whether any new 
form of chemotherapy haa any acrion or not Ii a rather a diScrcnt matter 
of ooune, if the assrsrment of the relame values cf several cffccore remedies 
k required. 

3 Although kaUr azar k a fairly chroDk dacaw, snth many dlnkal ark- 
Qcsis, there need not now be any doobt abort the final result cf tititsicm b 
any ca*e. The parient cither le c o re ts or dies, it is not possible to carry on for 
years tuppretting the more argent manifestasocis by treatment without know bg 
ahetber a erne cure hat bem adueved, ts may be done for example tn 
typhnia. The uirtmate test of cure in kah'azar ts a nmple one the absence 
of relapse srttfab a Imuted penod after the cCTnpktKra of treatment. Experience 
•howt tbit the period of folkm-trp rcq ai re i i to ascertain whether relapse wHI 
occur or not a comparsQiely shon — N'sjriai (19321 places t as low as 6 
moDths m Indkn kak-azar 

4 Finally it has heeo possfhle to recognize b a p rop or tioa of cases (hat 
under the mflueooe of diemotherapy the bifectioo may pass through a fairly 
specific course of noluoau ohidi i of great tbeoreocal Interest- 

Thirty yean have ekpsed smee kala-azar became a curable dkease. During 
ihu period improremcnti ta technique combened w th the introdoctkei of 
tone and more effective drugs hare resulted m a further redocooci in the 
mortaHry rate nndl fa the latest series reported from India by Nivmt 
and hii colleagues (1942) It was let' than 2 per cent The fact that the dlfcaw 
has p r oTgd ie» amenable to rteannent m other places detracts nothing from 
tbb remarkabk iduevcracnt ^V'hh the dcr lopmeni of specific ebemetberapy 
the prognosis has been profoundly altered fa Lalaaznr eieiywbere. In the 
Sedan, where the dtsease appears to be more resistant to rre a tmeot than m 
India, s recorery rate f oier 70 per cent can now gcneisTly be obtained with- 
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out great difficulty The problem which now remams is that of elmmatmg 
the residual mortality rate of 25 to 30 per cent by the further perfectton of 
chemotherapeunc methods 

The present communicauon is a record of work directed to this end it is 
essentially a summary, which reviews bnefly the writer’s expenence during 
the past 10 years and refers also to that of previous workers If the results 
have been less successful than was anticipated, the record is stdl of some 
mterest m view of the fact that invesugations undertaken pnmanly to improve 
the disappomtmg results of treatment m Sudan kala-azar have thrown some 
hght on (1) the manner m which drugs act to brmg about cure m this disease 
and (2) the natural history of leishmama infections m the human host 
(cf Kirk, 1944) Perhaps it should be pomted out that this article is much 
coloured by the writer’s own views on these pomts, with which other workers 
may not agree 

This paper makes no attempt to give detailed practical instructions for the 
gmdance of others who may have to treat cases of kala-azar It is submitted in 
the belief that the record is not without mterest merely as an essay on the 
practice of chemotherapy in a speafic disease m man 

* 

Antimony 

Accordmg to Chopra (1936) the use of antimony m kala-azar was first 
suggested by Sm PatrkJk Manson, but Caspar Vianna (1912) was the first to 
try mtravenousi mjections of tartar emetic, with which he successfully treated 
South American forms of cutaneous and muco-cutaneous leishmamasis Con- 
firmation of his results was not long delayed In Italy, Di Cristina and 
Caronia (1915) found the drug effective m infantile kala azar, while m the same 
year Rogers (1915) used it m India, to be followed qmckly by Mum (1915) 
and Mackie (1915) 

Durmg the next 5 years the sodium salts were substituted for the 
potassium salts (Rogers, 1918), and a number of punfied brands suitable for 
intravenous injection were put on the market Othennse little change was 
made m the treatment of the disease m India Little change was required 
accordmg to Rogers (1939) the use of anumony by McCombie Young m the 
Sibsagar epidemic of 1921 resulted m a recovery rate of 88 per cent , as com- 
pared with 4 per cent m the earher Nowgong epidemic There is probably no 
better achievement m the history of chemotherapy 

The first pentavalent aromatic compound of antimony — sodium para- 
acetyl-ammo-phenyl stibiate, or “ snbacetm ” — ^was introduced by the firm of 
Von Heyden m Germany Intramuscular injections of this drug were used 
with success by Caronia (1916) m infantile kala-azar The work was followed 
up by Brahmachari (1922) who prepared a number of pentavalent compounds 
includmg urea stibamme which was later found to be effective therapeutically 



Compuul with tutir emetic the pentinlent compound* hid wtue DOoWe 
idrantage*. Immediate mcoant loch a* coughmg aixl }oau pamt vtn 
eliminated and pceumoola, ooc of the moat fieqaent cainca of death donii^ 
trcatinent, wa* greatly let«oetL TTic total amenmt of antimony d c »j » ujj 
for core coold be admlnlitc r e d m a much amaUer number of doaea, ao the length 
of treatment tna reduced. It >raa fotmd that lemtant which reapop de d 
•kmly when treated with the tanratca imprmrd rapidly with larger doao ed la- 
tiraooy In the form of the leaa toxic peotaralent ctxnpound*. FmaDy the drej 
could be giren rntramoacularly a point of practical ralue in the cd 

young children in whom tuitahic too* are often dl/Scnlt to find. A large 
number of pentaralent tnomony prepajadona a now arailable and they hare 
been nnirenaJly u»ed m kiU-azar ititb exceUenr therapeutic remit*. It b 
probable that the aeriet b etill by no mean* exhauMed. 

Prom the beginning the rcMilo obtained with antimony in Sudan kala^zar 
were ditanpointmg a* compared with thoac reported troin India. Prenom 
arterapt* bad been made to treat the Sudan dJstaae with Knega (Ekbo*, 1909). 
"606 {BALFoua and AacHiaaiD 1911), Tamne* (AaenmALO 1913), and other 
method* but bLvaaHJXJ. (1912) itated that no dnig ha* been found which in 
jmy way affect* the courv of the dueaae; *nd mJJ ca*e* aeen emee ocr last report 
hare terminated fatally It b a little eurprbing that antunony waa doc tsed 
at an earlier date m the Sudan, emee at the imdgatioD of Ptnom the aeaoo 
of thb drag in trypanoaomlaJi* wa* extenanely tarexng a ted FoDowing the 
demonftraooQ by PmotEX, Far and Ra.n'tC'I (1910) that anknab infened with 
trypaDC«acDU*b coaid be cured by injection* of meiiDic anrlmony RA.'rxiw 
(1913) record* diat ra May 1910 Major Far gate an intrarcoou* injccoon to 
an adranced cav of kaU-amr and that demcuutTarcd that the treatment wai 
applicable to man Thereafter extenaiTe clinical mab of antimony in htunin 
trypan oaocniaiu wer e earned oot in the Souibern by Raiciis Far 

TBt&traow and other*, wbo were hToorably unpretaed with the remit*. Had 
It not bcoi for the war In which Major Ra.'cxiat wa* awarded a porthuroou* 
VC. in 1914 it ta poenUe that antimony might bare been tried m Sodas 
kaU oTar it an caxber date. A* it warn, the carUcat attempo to treat the Sudan 
dbeate were orned oot along the line* whxh had prerkruily been focod » 
effective by Indian woibeii m Indian kala.azar The rcAtiltA were exceedingly 
variahlc a^ much le* aatiAfactory than thoAc which bad been obtained in India. 
Tbta AjuauBun (1923) die* a aenea of fifteen ct** with thirteen deatb* in which 
iw airribate* many of the fatallde* to rork effecn of the drug rather than to 
dK dhvate However there wa* nodoubr that tome caw* even in an advanced 
•tage of the dbcaac benefited from the treatment and were cured. Two dlffertut 
point* of new can be recognized m the early publlcatron from the Sudan oc 
tht* ubject Onu CTU w ujJ ow (1921). ilrMnibmg cawA midicd and neared per 
•onally by hlm^df. regarded anomooy a* a *afc and rcloiblc rpedfic In leW>- 
mania b. pronded rauricxi and judgment were u*ed in t* idmfmcratioa, taf 
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Compu^ wkh tartiT emetic the penaralcni amipounds h*d rwVJf 
adraatagu. Immediate xetetioas nich u coughing and }olnt p=>hM toc 
chrmnatedL and pneumonia, one of the moat frequent ctu« of death dannj 
treatment wai greatly iet^ened. The total tmotmt of antimony o e erraf y 
for cure could be admmiatcred m a much nnaUer number o£ doacs, ao the kngili 
of treatment ns reduced It vras found that resiftant ra*** whldi lespcoded 
•kmiy when treated with the tartratet uupicnxd rapidly with huger doaei o£ an- 
timony m the form of the Im torlc pauaeiJcnt compounds. FinaDy the drug 
could be gnrn intramuscularly a pomt of pannical vahie in the treatmau cf 
young rh lid ten m whom suitable rems are often difficult to find. A hijc 
number of pentaralent aonmony ptcparatwnj is now armilahle. and they him 
been imhemlly used in kala-aaar whh exceflent ihcripcutic results It li 
probable that the aeries Is frill by no means 

From the beginning the rcsulo obtained with antimony in Sudan kalaarir 
aere dmppomtlng as com par ed sHth those repoi ir d from India. P i mo ni 
attempts had been made to treat the Sudan da»se with senega (Eksox, 1907L 
“606 (Balfocx and AacatBAtx* 1911). aacones (AacmaAin 1913). and other 
methods, but Mamhau. (1912) stated that no dnig has been found whkh in 
any sray affects the onme of the disease, and all cues seen since oox laai report 
hare tennlnated faally It is a link surprmog that andmosy inM not tried 
at an earlier dare in the Sodan, since at the bstigaocn of Puanm the aoke 
of this drug in trypannacm tests was extensively mrtsngated, FoUowiDg the 
demoDstrinoD by Pmnmt, Fit and Rsxxct (1910) that animah infected with 
rrypanosoniiasis could be cured by myecnons of metallic andmccy RA.’eax 
(1913) records that “ m May 1910 Major Fat gare an in iraren ous mjeetmo to 
an advanced c*^ of kala-azar and ibua demoevstrated that the treatment was 
applicable to man Thereafter ex te ml r c dmiad trials of anrimoDy hi human 
trypanoaomiaats were carried out m the Sombeni Sudan by Rajocij* Far 
TnoMPacw and others, who were fiarourablT impresaed with the rcsulti. Had 
It not been for the war In which Major Ra-thw was awarded a posthumous 
VC m 191+ It IS posstble that anamony ought have been tried m Sodan 
kala-azar at an earlin date. As h was the earliest attem pt s to treat the Sudan 
disease were earned out along the fines which had prerioosly been found so 
effective by Indtan worlten m Indian kala-azar The results were cxcredlBgly 
variable and much Jesa sacisfacroTy than thov which bad been obcained m India. 
Thus Aacma-tLD (1923) dies 1 series of fifteen o»^ with thirteen deaths in which 
he nrtnbutcs manT of the fitalldea to tone effects of the drug rather than to 
the disea^ How e ver there was no doubt that some ca^ even in an advanced 
stage of the disease benefited (tom the treatment and were cured. Two drUerent 
pomts of new can be recognized In the early publicatton from the Suda n 00 
thi lubfect. Oou s Tor ur asov (1921), dewribinp caw^ tudied and treated per 
sonallT by himwlf regarded andmoar as a safe and reliable specific in leWi* 
mantauv, pro n ded ramion and judgment were used In Its adroinktraikcu btu 
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treatmeat of Sodan ]ala't 2 U' vrre due to ort r do M ge of tbe dru{ u a mob 
of employing the lodlan ttaiKUrd doaea cmpincallT in faidirldoil obrlomly 
IntolcriDit to the toxic action of tutar emetic 

The prucQt wnter became inrerened m Lala-azat from the point of nca 
of aeoology rather than ai a dmklan. but it *eenKd that the bew ttur wu to 
be m a d e by following cp A»cHta*m*a aneropu to improre treatn^nt in the 
endemic arai, becauae it wia the beat method of aceem to matenal for fnnfao 
•tody Abo, it aermed poenble that there wai here a nmanon oot tmlilcc thit 
recorded by FixTiatm and Jtm. A large p to pu ro on of the pirienti abo catoe 
for treatment in the eodttnic areas were in a TOy ad anced Mage of the dnei'e 
hanng cocqc to the Goremment ho^cal and dispensaries only a a bn rtw>n. 
after hanng prerkraly tried aH mairoer of narirt raedidnes and magical cturi. 
Many of them had In additkn becon^ reduced to a lery poor n uun kml 
state or the dbeise had bccooK complkrated by sepvs and other Intt imi rcot 
infectioos, such as mabrla, aiDoehic dysentery or hdmmtbbiU Wc had 
oba er re d that die course of erperimenial kala-azar in racnhcyi appeared to ^ 
greatly influenced by diet and genoal Imng condition (cf Kim, IW4). Amx*, 
Tmcooom and ^ rn t s au tc (1938) had prrriouily noted the satne rhmg m canine 
kab-azar It seem ed therefore, that some irDprmemesi might he achined 
by derwmg aftentioQ to ^netal treatment sndi as iroproimg the diet. «nd 
aKertainiog the best methods and moM faiourable tones for dealing vlih 
mrerctmeot infeetians. It wa noted aho that in many of the fatal cases death 
was often the immediate result of one of the complication or acute etner 
gendes which arbe Crtnn time to ctrae m the course of the dbcaae, such as 
poeumonb or dianhoea. Specibc aod-kab-azar treatment akne may be insuffi- 
cient to deal with tttdi rmergeocset, bui if they arc recognized early and 
I igoronslT treated on general or symptomatic Imes it h often possible to iWe the 
patient OTcr the emergency 

In addidem to speoBc treatment we tferoted pecial attenuon to gcnefsl 
and symptomatic trcaiment Padcni were gi en a nutnnoua. higb-protem 
diet, whiih mduded abo fresh egetablfs and a daily rsuon of raw liter 
Attention was paid to oral hygiene and tegular mouth wr-hes were muitntri 
An iron and amtik tonic was presertbed a a routine for the nacmla. Blood 
uansfusioQ was aosnenmes o«ed “Witbout interrupting penfic ucatjnent 
mtercDTrent mfccdosB and ^cnoos complicaiion were treated a the occs ion 
roae. Pnrgatkm, crthcr a^ a routine measme at ih beginning of treannefit or 
at any other Hm^ was scdalouilT aroidcd (mjudioou purgatuo w probaWy 
the moat certain method of preapitating a fatal leiimnanon in kab-azar). 
I>iajThoea was treated sypcitomadcaHy at the eariic't po*MbJe moment u»u*Dy 
It respooded to a stock bisrotrth roixtnre f thi were gi cn promptb and m 
fuffiaamt doaage, but if not recDurse was had to opbte« without deby 

Another <fisappomtmg feature m the treatment of Sudan lab-arar which 
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Another difficulty for whxh wc have do cxplanatkm at preaem h the occacaij 
occuiTCDCc of Hidden death, for no apparent reaaoti, fai a patient nho ap{tan 
clinically to be doing well The oiMcrvadons of Macs-zu aod Ka-iun (l?40) 
fuggat that fuch luddcn death* may he due to a toxic tecofv of antiraoDy oe 
the myocardiom, but at preaent »e do not really know their cau^ 

In the prolonged penod of hoapltmlmocm and the large total dote* of 
andmony required for cure the reault* are aUo much Inferior to lho*e obtaiiKd 
m India, tihert a large proportion of ca^ci can tpparmdy be cured by an mreo- 
*iTe courac of ei^t to ten daily mjecooo* girtn in the out patient d^rrrocot. 
From the cipcnencc* deaaibed in the precrding »ectKm of thb paper n aiH 
be cTident that hi the Sudan kala-azar b not at preaent a di^caic nniablc for 
out-patient treatment Whh the method* toed at pt u e n t an arerage penod el 
hospital tr ea tm ent of about 3 months b required for cure, and approxim- 
ately three dme* the total dooge of pcotaralpnt antimony nbteh i fotmd 
ruSoent for cure in TriHun kab-azar [ndielduaj ca*e^ arc encDantnrd in 
which cme a aeiucTed moch more eaiQy than thi but tho«c are compcn'ated 
by other* which require eren more prolocged treatment 

It may be add^ that a small propornen of Sudan cases seem to be com- 
pletely sesmant to anv form of antzmeny treadnent CJlniolly such are 
oaualJy of a falriy chnxuc type with an (odefinite history as regard* duraikn. 
Pamto may be acanty or diffitrulf to Sod m jpkm puncture*, but sotwmoa 
they are fotmd easily and In large numbm. V»e hare berm abb to follow rk 
or two cases of the laircr type to postmortem eaLammadoc and serif? that, 
ewen after prolanged and mtensme ireattnent nitb antimony Id hraania nere 
still present m Urge numbers m all the pnnapal disue^ thu Irtdtodog that 
in these cases, the drug had failed to affect the course of the mfcctloa 

As regards the drug* used in tr e atm ent. It wa« our opjruon before the intro- 
ducuoc of tdlbamkline that of the amunoniaU neombo^ w» the ptc 
paratkn of choice in ksJa-azar Solusnbo'ian me found let* tone but lew 
dfccuTC m the rec o mmended dose* whkb had a relatitely high antirocey 
content. Indian woikcn (NariEa and Sex Gctt W2) appear to hare rtsched 
a mnllar coDcltmon, but other obserrers do not all concur on this point In 
the Sudan, Dr R. \\ Stxphevson (1940), norii g under different coodHoo* 
from tbo^ with wh(ch we are familiar found area uibamine a moec cfBcaooo^ 
drug than oeostibottn. espetaally m c as es with cancrum on After an exten 
n c t t tIcw of the subject, Cakoxia (1930). who was the first to use any ol ibr 
pectaealcnt compounds of anumooy sap he 1 not coorinced that ihow art 
any hencr than tartar emetic tiscd with are and expenence 

Fnwn ibe*e divergent ophuons n may be luggewed that choice of a parti- 
cular drug or preparaoco a not the main factor mfluencmg the rcfulc* of 
treatment, beCere that the espenence and dmical judgment of the 

phestoan count for much, Thu includes dtagnowx S n (1942) nghilr 
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It nuy be fuggejred duu the rrfati»ely greater rootaoce of the Sudan dime 
to treatment ia the erprcwon ot a fuitlra pomt of diftcfcncc between the two 
Tancttea of kala-azar A l er l ew of the Cterature gfra *0016 cjppo c t to thfa 
▼icw SoTMnrr and Prrza (1938) have compiled a rcry full nmimaiy cf d* 
bterattue from different counmc* retadog to treatment with antbnooy Fnan 
tuch a renew it appeara that loduo kala-azar li more amenable to treatment 
with antimonjr than other Taneoe* and that e xpc r l cncea in ibe other eudemk 
centre! bare been almllar to tboae In the Sudan tatber th»n to tboae In lodb. 
Tbta in Quncae kala-aaar it b etated that the actloQ of antimon)' ■ dower 
than In Indian kalxear while the clinka] pteture of the b grirer 

agramilucjiuat^ and comphcatloot affecting ibe month, threat and hmgt befog 
e*pedally frequent and ierere Chtnr'e- patlenn are uid to be paidculaiiy 
•cmitire to antfanonj to that toxic reacdona are common^ the death-rate b 
high, and prolonged hafpltalizadan tt neci na jy for cure, eren with the penta- 
Tiknt cotnpotmda,* MnUterranean kala-azar alio tppeare to be roods more 
difficult to InSuence with onrimonj than the Indian ranety Here aiao the 
Indian treamiieot hai proved inadapouc and larger total doaea ire generally 
required. Reference! to * andmocy reamant typo cf the diaea« are frequent 
in pipen from the Medlrerreoean region. Aiia and ToreawMcaucn (1941) 
Mate that laboratory ebaei iiaeo* no Syrian hamMen ihow that aromatic inti- 
many coropotrodi are fat lea effeedre m Mediterranean Iq Indian kala* 
azat a finding in ecofonnitT with the general experience in MeditminetB 
CD Cutf ici that about three time! u mu^ urea nibornliie or neonlbovn h 
req uir e d to cure a hteditenanous case ai was found ruffident by Indlin 
woiken for Indian kala azar 

It h very lot Q c ulug to otw erre m pa a m g that from a lerkw of the 
literature one gaim the irapreailon that South Amerkan muco-entineom 
taibmanlads b the mo« rcabtant to trcairoent of aH form! of Wihmanla 
mfectkm. Nererthdca It wu in ihti form of kuhnsanfarb that GAsrAa Vloc<^ 
firat recognized the ipedfic acnon of antfaoaoy from which b eg an the ebano- 
tberapr ^ kala-azar 

Thx Duumma. 

1 he fii« attempt to treat hBtaan IgdimanUrli with the dlimldma ww 
made by AniiH and Yoaxi (1939). who adjnlnhtcred «ilbtiiudine (4 4 
diamicHrw triTbene) m a caw of Indian kala-azar m Liierpool, and obtained 
an apparent cure after eight dally injecnoru of 1 mg, per kg body weight. 
Shortly afterward! Antra and RAfrontTwiTT (1939) ujccorfufly treated a caw 
of Medlrermrwan kab-arar with the wnc drug, hot m thb care a greater 

In mon teoent pnbOcatloo, bo wavi i Rizutb and Sannrrr (IWX) croop 
teevtfaer Cbmra tod lodiM kill iiir m eo ot r ai t ts tba Mtdjtarrvnean md Swdao 
rarirtka, ai retard* their l ea c tfcm to aatkaonf 
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amount of treatment was required for cure— twenty-two mjecuons of 1 7 mg 
per kg , given over a penod of 2 months 

In August, 1939, Prof Warrington Yorke kmdly sent to us samples of 
stilbamidme, propamidme and pentamidme, with the suggestion that we should 
try these drugs in Sudan kala-azar We were very glad to do so, espeaally as 
we had now evolved a sausfactory scheme for the general management and 
supervision of kalaazar cases under treatment, which was producmg fairly 
constant results ivith the drugs available 

During the latter half of 1939 and the first half of 1940 we were able to 
treat some forty four cases of Sudan kala-azar with the new drugs Includmg 
cases admitted to hospital in a moribund condition, who died after only a few 
injections there were eight deaths m this senes The remammg thirty-six cases 
uere discharged as provisional cures but like Adler and Rachmdlewitz (1939) 
we found that the amount of treatment required for cure was considerably 
greater than that found necessary by Adams and Yorke m their case of Indian 
kala azar 

With the extension of the war to East Africa it seemed unlikely that we 
should be able to continue this work any further It was therefore decided to 
publish such results as had already been obtamed, smce they compared favour- 
ably with the results previously obtamed by other workers in the Sudan They 
Here better than the best of our own antimony results, although the difference 
uas not statistically sigmbcant Also, it seemed desirable to record our experi- 
ence in connecaon with dosage, methods of admimstrauon, toxic reactions, etc 
Reference was made in this publication (Kirk and Sati, 1940) to three cases 
nhich were apparently resistant to antimony, but improved rapidly when the 
treatment is as changed to stilbamidme At die time it was difficult to assess 
the significance of this The cases were “ antimony resistant ” accordmg to the 
usually accepted clinical standards, namely, that they shoued no improvement 
after an amount of treatment which is ordinarily suffiaent to effect cure m 
Sudan kala azar But while cases undoubtedly occur which are completely 
resistant to any form of antimony treatment, it is difficult to state diat any 
particular case falls mto this category unless the case ends fatally We have 
seen cases in the past which were regarded as “antimony resistant” because 
two or three courses of treatment had produced no reaction, but which 
impro\ cd rapidly after further courses of treatment with the same preparation 
In the same year Napier and Sen (1940) published a prebminary report 
on eight cases of Indian kala azar who were all apparendy cured by eight to ten 
a y injections of 1 to 2 mg of stilbamidme per kg body weight Further appa- 
rent cures were reported by Adams and Yorke (1940), Adams (1941), Wingfield 
(1941) In the following year Napier, Gupta and Sen (1942) published a detailed 
account of 101 cases of Indian kalaazar treated widi stilbamidme with an 
imme late cure rate of 98 per cent They concluded that m the ordinaiy' 
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It m*y be niggwtcd tbit the rdadrcly grater rctifance of tbe Sudtn 
to tiaUDOQt u the erpretdoB of a funbo point of difference between tbe two 
nuictia of kala-uar A renew of the htentuie gire* nme mp p on to da 
new ScHitroT and Paiu (1938) hare compiled a rery f ull rammary of d* 
literature from different coimtrla Tcladog to tratment with tntiraooy Frro 
foefa a review it appearv that Indian kala-azar U more amenable to tratmeu 
with antimony than other Tarledet, and that expencnca in the rwlvr endemic 
centra hare be en dmllaf to tboae in the Sudan rather tbm to dioae In Ifib 
Thuj in ChiDcte kahhazar It a «atcd that the aetkn of aodmony b dower 
than in Indian kala-azar whDe the ptetnre of the dbeaae b grarcr 

agramdocyioau and comphciriana affecnog the month throat and longi befog 
especially frequent and teret e . ChuK*e paoeua ate said to be pardadartr 
aendtiTc to andmoay to that toxic rractiooi are commom datb-iate a 
high, and prolooged hospbalitatioo b nc cema ry for cure, cren with tbe pcota- 
Talent coropotmda.* MedherTanean kala-azar abo appean to be much more 
dlfEcnlt to mflnetvce with antimony than the Indian Wieiy Here tbo the 
Indian treatment haj pr ore d madopiate and larger total dcra tie generally 
r eq ui re d . Reference* to entimaoy icflfTaot type* of the dbeate are frequent 
in papen from tbe Mediterranean region Amn and Tatnj*caretxn (1^1) 
state that iahontory ob^emtiana on Syrian hamsters them that aiemtk and- 
mony coopooods are far len effecore in Medlte m nean tb»n b Tfwtan kala- 
azar a findmg is roaformity with the genera] erperioce in Medlterrmcan 
coentna that about three dena a* moch ura rribarulne or neoedboian b 
req ui ted to enie a Medktrranean case as was found suffldent by Icdan 
worke ii for Indian kala-azar 

It b eery bteresdng to obaerre b p ass in g that from a review of the 
Dteratttrc ooc ptn the linpres*lon that South Amenean innco-cntanetxrt 
Wdimaniasii b the mon imstant to tiaaaent of all forms of klthminla 
infection. NcTerthele*i it wa* Id this form of loshmaniava that Caw** Vtatnu 
first recognizHl the specific aetkn of andmaDy from which began the cbemo- 
therapT ^ kala-azar 

Tn Dusnrofza. 

The first attempt to mat human Iddimanlaib wnh the duiniHiina was 
made br Admjv uid Toaxz {19391 wbo adjublitCTed siilbamidfae (4 4 
diamidlno adlbene) in a caw of Indnm krlvaTtr b liverpool, and obtained 
an apparent cure after eight daily bjeerkms of I mg per kg body weJgbt 
SbortlT aficTwtrdi Anx* and Raotultwitz (1939) mcceisfuUy dated a c*»e 
of Medltemnean kala-azar with the «at»e drug but m thU case a greater 

la tnoTt rrenit puliIlcwiloQ, bowcT tr KixthB and GetonoT ( 1 M 3 ) cre^ 
toerdwr Chmete Twt Indian tiU aTar n coonwsT to dw MedhefraoeaB and Sodai 
rarirtl^ m fefSTdt dwir rrwetioa to aotkoODS 
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a»e of Indian lul»-uar tbe molu complied fanmnbly wuh tho*e prodwxd 
by Dcoatiboan, tbe beat dnig hitbeno toed wbQe In inumooy rerinam 
catfi the remits of treatment wnh idlbamidme were tlmcxt as farounbk ti 
thoae m ordfaury rases, A number of other wnrbers hare snWrj m -mt y 
reported oaes treated tuccesefuUy snth this drug, while Ajumj (IWl) tal 
Nahu and Sd< Gofta (IW^ found that pcntaimdinc (4 4-diamjfiDo 
diphenoxy pentane) u also therapeutically cffcctne in kala-arar Anuu 
has recendy reponed the tuccotfnl treatment of a case with ininmuiculir 
mjecoon of propanudme (4 4 -diamldhio diphenoxy pro pa ne). 

The actfoD of the dtamldmcs m kala-azar a of considerable mtercst a 
they ate the first chemothenpeutic agents not mo«tning antimony whidi 
hare be en found to hare a curatrre action m thli disca«e. SriT hatnMW u 
among the mort potent rcmedlea now aradablc for the treatment of kala-arar 
wnh tbe oumanding adraotage that it appears to be equally e£ecthe m 
andmony retistant cases. At present t!^ Iimitmg factor in its toe b 
tcnkity Padenti reraring the drug mnarenously often experience unpleasant 
munedute r ea ctkms which ha e been studied and described in coo slde table 
detail (ct Locan, 1942 Knu: and Hcjoit 1W4). We setan to base been less 
trcubled by the immediate reacdoca In the Sudan than wechcTS m other placcv 
Thu H pri^bly becBir«e «e used the diamkhnes only for hospital lopadeno, 
who were always in the borlzoetil poainon, m bed while the b)ecil^ acre 
being glrea From the literature it srould appear that neatment by the Intn* 
renous rocte U mittuced to tbe otn-padent departmetii ce accocmt of these 
imreedute tractions and should be rctencd for hotplu) in-patlesta. It should 
be temembered, boweier that the tntroductxm of the diatnUInei has opened 
up an Indefinite number of new posaibniocs in ihcrapeudcs, and there nuy be 
eren better compounds m the senes which bai'e stHI to be examined. With 
the bimidocnon of the more soluble preparaiKiii of itQbemidinc it may already 
be possible to eHminatc mow of tbe undesirable Immedlat reacrlons by giring 
the treatment intramuscularly instead of intraicnously but »c haic not so 
far had any eipe r tence with the new compound. 

For admlm^traaon to human beings solutiau of idlbamidtDC most be used 
imrocdlatcly they are prepared as the drug b unstable in aqueous solution. 
This applKS aim to many other products used m modern chei^herapy lodi 
as Deosiibo*an and the arsphenamines. and ts unlibely to be a source ot trouble 
m the admim^niiion of the drug m proper boqdtal coodiilons. In the caw 
of snibarnidroe the products f decompodtion in acqueous solution art highly 
toxic but the tone acnosi ts to some ertent cujnuhrire and does not become 
manffen unol after a latent period. 

The instability of tdlbamidtoe u aqueous solonon was nor at first afpre 
ciated and this led to some imfonmate results In 1941 stUhairndme bccainc a 
general i«ue for the treatment f kala-aza In the Sudan panly beca u w of 
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c3oe of Jndun kai«-az>r tfac reuiltt compand farounMj wub thote 
by XKOtdbosan. the bat drug hitbmo tncd. while io ** anumoay raatm 
ca*a the rettJa of (natmoit mth atilbaniidine wm almcnt u £iTotxnl4e » 
thoae in ordhury n>a. A number of other worlien haie ufseqaeul^ 
reponed caaa trexted ruccacfully with tbu drug while Anms mi 
NArm tnd Stw Cpfta (IW3) FouimI rhit pentamidine (4 4-diitDxfitt) 
dipbenoxy pentane) n al*o thenpruncaOy effecdTe In LjJa-az&r Anui* (l^j 
bln recently l eported the ruccoxftU tTcatinent of a auc with intramoicehr 
mjecti on of propamidine (4 4 ■diamldiDo dipbenoxy propane). 

The tedon of the durrudma to kaia-azar h of con iderabk Imrrm u 
they an the dm efaemothe rttp e uil c agenu not containing antmuay aUeb 
hare b een found to hare a cuntrre acnoo m thit diaeaae StOhanudinc b 
among the moat potent remedta now arallablc for the treattoem of kala-azar 
with the ouatandrog adranage that it appean to be equally eSeedre in 
anomony letiatant caaet. At present the Ihntting factor In its use b 
tonaty Paileno rtcciriog the drug intiartnoudy often experience tmpfcaaiu 
Immedute latCQons whid:i hare been studied ai^ described in cooridertble 
detail (c£ LctrsJi, 1942, Bliajc and HetntT 1944), We seem to ha>e been leu 
troubled by the axmjcdlate rcactlaos m the Sudan than workers m other places 
ThU I prt^bly because we osed the dhmVilnfs only for bospttal hvpardests, 
who were alsrtp m the bormmtal postdoc, m bed while the injeedm were 
b rin g ghe n . From the hmacurc it would appear that irtatmem by the !»]> 
Tetioaa route tt uniulied to tbe otn-pacent deparanent od tccoont of these 
immediate tcactkns and ihouid be referred for bospttal m-pariesua. It fbtnU 
be remembered horraer that the iniroductjon of the diamldina has opened 
op an indefinite ntimbcr of new possibniDa in thciaprudct and there may be 
cTcn bener compounds m the sersa which hare stDl to be examined With 
the mrrodctcDoo of the more aolutde preparation of sdJbamidlne it may already 
be potrible to dunhute most of die imdesbable Immediate leactlonj by giriog 
chc treatment tanamusculaify hmcad of intra cnoinly but we hate nor to 
far had any ezpcnence with the new compound. 

For admimsmoon to human bemgs solutions of sthbanudme must be used 
immediately they are prepared as the drug b umtalile m aqueoia solutra 
Thn appha also to many other products used in modern djemethertpy foch 
as neostJbo<an and tltf artphcnamincs. and b unlllcely to be a sour ce of trouble 
In the admirustratjon of the drug in proper hospital coodlnoDi. In the aw 
of snlbamKlinc the produefs of decorapotmem in acqueous solution are highly 
toDuc, but the toXK acdon n to some e\tem cojnuUprc and do« not bccooie 
manifesT und] after a tatent period. 

The Instability of srilbaimdmet m aqueous soludon was not at first appre- 
ciated and ihn led to some unfonmate results. In 1941 sdIbamidiDe became a 
general mue for the trenrtnent of kaU-azar In the Sudan, partly because of 
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ihu prccaudon, rince tbe neuropithj mrolvlng tbc fifth nerre *htd) w»i fini 
dr*cribed bj NATtr* tod Sex Cutta (1W2) oenjn In case* which hart bra 
rretted with freshly prepared soludon* (Sex G<;wrA, 1943). 

Dunng those mvcstigauaot oar attenuoa wat directed to a faaor b 
chemothenpy which roenti more midy than it ht* recaved hitherto, naiiirfy 
•^*oTpuon. Some chcmothcrtpcudc agents like stilbamidiDe and me pxib t 
are chanaenzed by rtrong tdtorpovc propcnle*, which others. Eke qnimse 
and penkfriin do not posKs^ At present It is not possible to sty whether b 
tbe former groop tbe chemotberapetitlc oedon Is in sny way r^ted to the 
adsoipdrc propeniei or riot. The adsorprire propcmei tre, honaer mtinutdy 
connected with tbe fare of tbc drug after It IntioductktD into the htmun 
body (cf. krax and Hetotr 1944) and. therefore with the important qoemooi 
f do^ge metbods of administration, and possibl? al«o of toaicity 

Cotraaz or Tm DtsEAn Duuxo TatATvaxT a-xd CwTraiA or Cnar. 

Tbc best endmcc of cure in kaiMzai h the absence of rtiipsc orer i 
petwd of ac 's e r a i mootht after tbe imunaDon of trcatmeiiL Natii* (1932) 
emmates that the absence of relapse durmg a period of 6 roccuhs after treat 
roeai on be taken at e idsice of core m Indian kala azar bot h b poanUe 
that in other vanenes a longer period may be required. 

From the dinical point of lew it may aomerimes be diSmlt to estunate 
when I ose has bad ruScsent treatment and can be regarded as promuDaQy 
cured The quettxn u one of importance, because a p erience ibom that cases 
whidi relapse after mmfiicienc creaaraait are subsequently much more dxfiaih 
to treat than primary casei. As far as we arc aware, the dereiopenent of 
induced drug resmance has not been aatnfaciorily dcmoosirarcd In leiihminb. 
Init Anim and TatotxoMOBrrr (1941) ha t found that both with the diamt 
dines and with aromatic antunoay compoands repe a ted injecQooi of rub- 
tberapcntic doses may result in an apparent sumuladnn of the mfecnon. Thb 
IS m accord snth diiucal expcnence m tbe Sudan. Ssn (1942) hat already 
pointed our that ca*n ahlch are gi en initial small doses, gradually incrcised 
to a mazunum, generally do not react to well to treatment a ihore which are 
given iaigc doses from the begrnnmg 

The finsi opinion that cure has been reached h essentially a martcr of 
dmical j ud gment, ttnee there re at prese n t no dinicol or laboratory tests 
nhidi can do more than indicate the prohabnity of l ucc c^ st 1 core at thb 
stage We hare described elsewhere (Kiu and Sm 1940) the enrera tned br 
os to cstimare piugi e ss dunng treatmeni and to assess tbe prohaHEry of per 
manent cure Ther were ibe dedme f the feier mprovement In general 
condition, mcreasc m body wel^t, icduciico of the splenic turaour letum of 
tbe blood picture to normal and dbappcaiance of the parashe* from splenic 
pulp lymph gland juke and booe marrow Little rellJLtife can be placwl cm 
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neitnicat, ctntuiticd to improre after dudiar^ ud made a m mp t r M wvt 
pmnanent recor ei y mtlwot any further treatment. lo ipetc of thoe olaem- 
tioni we hare ma^ h a rale not to regard a padent la prcrrulomdly anrd 
until Kreral conaecunTc examloadana hare faiieH to l ereal pamuct in the 
tpleOK pulp and ghmd jtdee, and a final teat ihowa thr they art abnt tho 
irom the bone marrow The penlnciurc of paradtea In any leaioni 

whkh hare appeared during treatment U different. We regard thh ti per 
fectly compadbie wnb the coadufian that cure of the nacerel dime baa 
adiicTed- 

We bare not found h potnblc to lay do»n a nandaid counc of treatment 
after whkh it can retaonabiy be preanmed that tum paoent^ will be aued. 
So fax the only type of the draeaae in which ihij baa bm a ncc eaifnlly accoco* 
pbthed b the lodiu one. Thh may be bccauae of the more e at em i re dmka] 
expencDce which baa been aarumtiiatcd in India, but it may abo be beouw 
the Indian dnea^ i more umfortnly amenable lo treatment rhan otber fonm. 
Antra and TareaxoMoam (1939) hare ahown that In hamaten infected wnb 
kala-irar d« total atnouot of roTbatnidme rtf^mred to eiadkate' the mfeciloo 
dependa on the lotenaity of the Inbctkin AafGDaun (I9U) reached a rirnUiT 
coDciunoQ about orrar anenc in human b clag i. Our own obtemitjoca thoir 
deaiiy that dK amount of tracment requu^ for cure ram within wide 
hmha in different caaev. Factma mflomctng the amount of matxncst Rqumd 
for cure are the nrtin of the puradte. atage, type and intenairy of the mfecnoo. 
tolenace of the drag and the prewno e of aerere coenpliaitKan and mrer 
c t m eoc mfecckna. 


Pott RJlJ^-AZAa Deauai. LxumtAMAau. 

Kna and Darw (I9J8) deicrfbed ranow aim mipnoos which ■pl**r In * 
pro p ortion of caaes of Sedan kabKazar at the end of treatment. Further 
iradlea of ibli intcrewtmg phenoraenoo were reported m preriour paprn of the 
p r eaep t terica (Kisx artd I940h Knu; Wi’V whkh ^hould be aawulted 
for the dctaDt We have *ugge*ted that tbow ikin o upiJ uu ^ are in many wiya 
tirailar to the poat-kala-azir derma] Irabmaniada of India, altbottgb their 
itlatwn in thw to the recotery from kalaazar b allghily different. Our 
ecpcricnce mdlcattw tbit the dcrelopment of a typiail poat-kala-oiar dennal 
eruption dunog or after treatment ha a good progno^K iigmficinre. Many 
exaea ualcubtedly attain complete and permanent cure witboct dennal manl- 
feftatkma, but from experience we hate come to regard fbc derdopincDt of a 
typical po«-taIa-arar dermal eruption m any caac aa-a valuable addjtJoo to the 
othe^critena of core. 

ItlP of great intereat to note that ahnlfar Ixn erupdona w er e obaerred ffl 
rocceamllT treated carea of Sudan Vabt-ozar many yeaiw ago. although thdr 
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grci t ei than they could ercr be proem in the Mood nhen glrtn In tbetipeudc 
doao. Ih the human lubject cure ippean to be aatodated with the dhappciraaa 
of the putsho from the vhoeral reocoloeodotbellal tmuc* it doci not necn- 
oiity indode tbor cThnlnaoon fnxn the tkin bat leejnj often to be modated 
with an eittniiTc inT**lon of thh tmoe. The niggotion that the druf* uyd 
in treatment may not reach the ikm, in aufficient cotKcotiatkc to afea the 
paranto there h not an adequate explanation of thh phenomenon. Lhtlc h 
known aboat the drstiibutian of die dianudinc^ in the bodv but as rejardi 
andmony Born NAPtra and Rot (1931) found appreciable quanritiei of ffih 
dmg in the hair and trico are excreted In the cnent (Citopiu, 1936). It may 
be iKPted al» that ooce the dermal Infectkn bccomet pro p e rly emWbbed there 
appean to be hnle or no tendency to thceral rrlapM. Eren after long Intcrrab 
Wkhoui further treatment, which woold allow complete cllmhutl^ of the 
dmg from the x t a cna l dwoea the paraaitet do not again mradc the hitemal 
organs. Afqiarently aome profound and lattmg change in host-paradre 
rtlarfoasbrp oceora during traaoncm. Although the pom^Ire# may not be 
completdT elhnlnattd from the body the coor'e of erolmkm of the infection 
becotnee. In fact, similar to that obse i re J to spontajieoxB letor t ry From our 
obserratmu in the Sudan It am be stated that this i so id cases treated with 
the dUmlcQnes as well a In caw treated whb anDmoBTo-a pcdni of some 
Int e res t, slnee the eenre group* fan the dtamidhM^ and m the andmonlalj art 
entirely different from each erher In chemicat coo^titurion 


DrsiKiuL or TaxATm Caixi. 

From the practical point of xiew a patient with pott-kala-aaar dermal 
kishmomans is little different firm a earner Tbe kaioos may be rery incon- 
tpickpos, yet penin for a Terr long time — oier 20 tears In ■ ca*e described 
by tbe writer (Ena 1942). General health u unaffected, and there icrmt nttle 
tendency to relapie of the Tttceial dheaw But. owing to the ituatkn of tbe 
infectioD m tbe *^ 01 , sandffjcs can readDr take up the mfecrion from *ocb an 
indiridual. In places where suitaWe ectofs arc abundant he may infect large 
mimhen of th^ and thus Indirectly he a source of danger to other people. 
Some of the small, isoUted outbreaks of Lala-aaar which hare occurred among 
troops In the Sudan (Kiax, 1939). and more recently in Ea« Africa (Cole 
ei tl 1942) may bare been brought about in thli way 

Namoi (193S) has suggested that wily a small > 
derelop ikfn infectiom after re cmei y from the resceral ^ 
treatment, exhibit cTciucally rrcognrzabk skm leuoeis. 0« 
carrier condloon, in whi^ the skm 
ret mfc c t ire for sandflies. Tbe final dltpov 
kala-aear should tbertfore be a matter of tf 3 
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bilhamiasis in the gezika irrigated area of the SUDAN 

BY 

R W STEPHENSON, mrcs, lrcp, 

Sudan Medical Service 


Bilharziasis, S haematobium or S mansoni, is endem ^prmcipaUy 

of the Sudan, both forms being found north of paraUel ^ 

mansom south of parallel 8 N, while mbeween IS an area which IS pp Y 

It IS well known that bilharzial infection is one of the great 
perennial irngauon scheme, and this was fully recognize as g 
Gezira scheme from its inception , 

This scheme co\ers an area west of the Blue Nile takmg its i ™ain 

reservoir formed by the dam at Seunar From its origin t ere, ^ _ 

canal nins a course of some 130 miles roughly parallel to the river an 
a total area of some 850,000 acres Its development, rough y rom 
north IS shown m Table I 


Table I 

DEVELOPMENT OF THE QEZIRA IRRIGATION SCHEME. 



Since 1938 there have been minor extensions only but future e\eo|> 
ments may bring the area under irrigation up to nearly double its present 
acreage 


) 
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System of Im^tion Mnd Culstvtlton. 

Iirtgidon Ii by high lerel CBnalt, and the ipt e m coroprita the foOmof 
kngthj o( daimel, conmtictcd malncalncd and operated by Gciertuaent — 
Main canal and major dimibutaTia 600 mlW 
Mmor dtstributanea 2,000 miki. 

ater entcn the rruin a pal from the mcrToir on about 15ih July eadi 
year and full nipply li reid>ed by the end of the month. The b 
normally doacd to Irrigation early fai April, bat thia b toiDctime) poKpoaed 
unni eady May During thii period of docure mpply haj to be mihramrd 
in many ean«l« for Tillage and hoose mcr mpply the remainder of the miiur 
di^tnbutine* being dned out. 

Before the reaerroir b emptied, all minor dbmbutariea cn tiimmer meter 
fuppty are filled to tbcir highest lerel, and the supply ts maintained by mea» 
of a pump, whith deliren water from the nrer into the main canal some iO 
miles from the dam Thtn from early May until rmd-July the water h 
practically stagnant throoghout the Tmm and major rmwaW, and In those miocr 
dbtributarlei oo summer water ^pply 

An w at er in g of crop* b done by day and thb enralb ston^ of water in 
mmor dbtiibuarles br night. Tbc sratc un g rotatlcn m Md chanTwli raoes 
from 10 days in October to 16 dan from January cm. but mbaterer the period, 
half of It u taken op mth witenog, the field channtb being left to dry during 
the other half 

Culanoon is done on a 4 year rotaixm a quarter of the area being 
under the main crop oonon. each year one eighth a^er raDla and one dghth 
under a bean oop, the remainder being fallow Superrblon of cotton cnitha- 
tkm I exercised l?y ii rpector i of the cooccs«ico companbs, who also lu peruke 
field water controL 

Abdel Mngid area, of some 36J300 acres is an exception. It b run under 
Goicmment su pa s blcm . and sraimog is dome throughout the 24 boon, 
and there Is, the ref ore. no storage of water m the mmor dutribo- 
taries, though the field watermg rotation b the same as m the rest of the 
s chei Dc. 

Admecistwatiox axd Portut-noN 

a oistiari e and medical purposes the area b dlrided mto two 
hem and Southern, and the populadon was esiimared in IW4 
m Dnmcr 349000- lso«bem Dwict 1 OXCO. 
or the cariT yean are not available but there has been so 
ease of lOOXKB durmg the past 8 yean and it 1 proinUe 
laoon dkl not exceed half ts present figure before 1925 Tbe 
inly doc to the effect of the greater prosperity and higher 
ring, but is al« In large part due to hnirugranis, mainly from 
the West h*Hng seitlcd In the area 
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6. Prtmrioo of lamnn. In 1932 It wai propoKd (Sudn MeJtcMj Ser 
wc <4rTmMif Report) that to of d\e tensity of the popublkm, tnd the 
proximity of the nnili, the protfclon of an auger bore latrmc for each aeparate 
hm muit be comidcrcd an ommal rocasure of piophylaxii Thcv ant 
tned bot were found to be un«aii*faaory and deep pit pubbc latrine* «ete 
made in acanc of thote rHlaje* tihkh were irtcd near to Tboe are 

uaed by many of the TllUgeri, bm apan from there not bemg tc^coie pro- 
ntkn m any ooe rUlage it H doubtful If ah would me them were ri>ch pro- 
mon madf 

7 Dinufecnon and drying out of can.th. It wu onginaDy hoped that the 
nih|arity of the mmor dluributaiio nould be dntri out for the whole period 
of the dofure, and wouk) therefore be dry fw oter? months and it «ai 
propoaed that any that could not be dned ibould be dhinfected bot It aooo 
beciiDe apparent that ihh cotdd not be done. 

At the adreme extended ao did the demand for cmah to be cn tommet 
water wpplj grow undl now betweai ooe-half and two-thinh of the mileage 
of miooT d mri betarie* h dried out each year and cocas of thoae on whlA 
Hlligei are rited are not dried AI»o water li krpt in the majorty of thoae 
that tie dned until the end of May is>d they are then dried efi ikrwly 

Baxusw (1933) fim pomted otn that PUnorbi and Rabnus i p eoe * could 
witbftiad long penod or drying, and thu haa rince been oofinoed by othen, 
and thii It parrienlariy to if slow drying of canab enable* them to bury them- 
adre* m crach* m the grou nd . Therefore though h i* poailblc that tueii 
drying kUb tome if not til of the infeaed mail it t* probable that it ha^ liiile 
effea oo the uninfected one*. 

It wai found impoaribtc to dbinfect all thoae cxnah which were not dned. 
and didnfccnan i* now lunhcd to thoae oo which are rited nUage* aciccted 
for complete examtnaooo. It i* done with tieolm or Pnner Regent dn n 
fectanr The re*ulti of dmng and dWnfection axe dacu*aed later 

8. WidcJpread propaganda and *tnct regulaticn agaimr entering canal 
PitJpapinda b not cffectitc in mch a comm nity and rt hat been found quite 
Impotribic to enforce the regulation*, — — 
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It w*s then deaded that thicc pointi re quir e d InTongtlkcL Fine, lo 
dlKorer if the tnrtdiTirr of S hsemstolnum mfettatioQ imcmg the bdlgara 
populatkn wu higher thin hid prmooily beoi tuppoacd. 

Secondly to Inresogite the modcnce of S msnson infection anuttg the 
mdigenoQt popalitioa. 
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Thirdly to Inrcit^Erc inorc cksely the mfettition of the canal* by 
biDumil gnafk 

IxcxocvcTorS hmemtiobtum 

From a ttudf f the rccorda it vu wen that 03*0 of S h^m^iobfuwt 
mfccdon «cie l e p ortcd fr om many rilli|;es icatTeied all orcr the area, and h 
wa decided to aelca a few of tbe^ Tilla^ each year for eiaminadoo of the 
Mbole population Theae examtnatton had to be done by the local medical 
auiuant* and ao ooly HQagc* m the area of the rrKnt reliable of the^ wtff 
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rcxtooAbfe to urame that tbc general nte of tofroian amoDgn the todigaicn 
popolatMm ilirougbcmt the titt tt much nearer to the figure* fotmd in (hoe 
TflJage emninancm* rh«n to thoae found by the annual rarrey u done pre- 
rlouily 

One further point deaerve* notke. and that « the difference betmem the 
figure* for tduln and thoae for chlldieii. It will be noted that. In *c*DC onei, 
the peremtage among child rm fa &om four to fire times a* great a* it fa atnoBg 
aduh*, while in one cue it U ten dinca u great. It will alto be seen that te 
thoae Tillage* with a ^cry high rate of infecnoo the figure* more ckwJy 
approach one another 

One obTKnti factor in dm fa, that became of the chnakity of the daca*e 
marc case* are likely to be miaaed by a single urinary examinadoo m adnlo 
than m children, and thfa t> afao likely to be true whm there fa a km rate d 
lodhrldual Infeatadon. 

The other factor la Immunity and from the rtsnlo found here, it U mg- 
gated that where the c oo cen tratfam of txnsiruK and hence the Intenihy d 
indlrldual mfecnon a low the Immanlry acquired by the tune adult age 
U reached u tuSaent to ptercni a high rare of le^niecdon, while, u the a»- 
centnooQ of oercariae rfaca, so doa the acijoired immtmJty become and 
let* able to combat the higher mtensfry of indiTidnal Infe^n. 

I wao p aa. or S msnsom 

This la much more difficult to detennioe than that of 5 haemftofavn 
far not ooly u there considenble difficulty Is g e mn g the people to cooscot to 
faecal examinatkia but the results of fOrreys done by a amgle faeol examina- 
tion ate not reliable. It hn been pointed our by S co tt (1937a) that no « 
method win detect all the posiorc cawa. and thi* when he wu using concen- 
tiadoD methods, and more reconly Ottolwa and Atpco o (19+3) hare con- 
doded that direct faecal rrimtnarions biO to diagnose elereo to eighteen out 
of ereiy twenty ca^ea. 

In aphe of tbev difficulda eranuruitlon* hare been carried out in a fc’r 
\ mage* and op to 5 per cent ha e been found mfccted. In one nUage where 
mamoni infc^cm li known to occur no cgpi were found in the ttoofa, but 
three were found to have mamom egg* m the Dime. Therefore scioe 

other mean* mutt be aought to foms some cadmaxe of the incidence of tbh 
form. Unto and inchtdtng 1940 the number of caw* of S mamom recorded 
In the Northern Dlurict raried from nil to ten, and there fa n record that tnf 
of these were localir cootjacted. The figuzei for the yar* 19+1 to 19+4 art 
thown In Table VL 

Medical twfaianti m dhpensane^ al«o do routmc ciammation of ttooK 
od tiw figure' for nich cnmlrunom mong the indlgcnou' popolatioo in 19+4 
are thown in Table VTI 
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Table VI 

S mansonr IN the northern district, 1941-44 


Year 

Coses 

Deaths 

Number of cases 
locallj contracted 

Per 

cent 

1941 

32 

G 

17 

03 

1942 

148 

5 

04 

43 

1943 

183 

7 

73 

40 

1944 

130 

4 

67 

61 


Table VII 

examination of stools op indigenous population in dispensaries, 1944 


Adults 

Children 

Tota' 

Number 


Number 

Per 

cent 

Number 

Per 

cent 

Examined 




Examined 

Infected 

3 690 

44 

1 22 

1,402 


1 67 

6,068 

67 

1 32 


It will be noted that the percentage found infected is comparable to that 
for S haematobium 

From the records of the cases coming under notice, it is considered that 
there is a high rate of infection in at least eleven villages, which are situated 
on different and widely separated canals, and there are known to be infected 
snails m at least fifteen canals, and there is strong presumpnve evidence that 
they are mfected m many more 

Therefore, although there is no certain knowledge as to the actual general 
rate of infection with S mansom, it can be definitely stated that it occurs in 
t e area, that it is probably widespread, and that m certam places there is a 
fairly high rate of infection 


Snail Distribution 

No detailed observations on snail distribution, or on seasonal vanations 
ave een possible, but snad collections have been made m mmor distnbu- 
tanw scattered throughout the area, and at various times of year Two 
methods have been used 

1 A standard bundle of palm fronds is placed in the water m the middle 
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of the cuul and kft for 24 boon, at the end ckf wfakh the unnber iC 
tnalli oc It are axmtcd. 

2. A font gallon petrol tm from which two udei hare been ent, b placed 
in the weedi at tbe edge of die canaL The wetdi and mud from mdde the ta 
are remored, placed m a dbh and the aoalli coanted. 

By the fim method counn up to •cTenty-fire Bufima and thlrtyfire 
Planorbts hare been found, and by the accood method up to dxty Bafixai md 
thirty Pianorins, 

Some thirty mnKir eanah hare been kept under contmoom obKiratkai for 
a whole watermg from Auguat, l‘M4 to March, 1W5 cotma bang made 

at from two to fcnir on each e»nal twice a month. No definite cm- 

dunons ran be drawn from obacrrancmi cnendmg orer only one aeaicii, bn 
thoe wcfuH ap p e a r to be wry little cotrelatioo between dryin g out and the 
appearance of snails in the early tnontha, as they woe found In Angntt in 
some canals which hstd been drl^ and. on the other band, were not found in 
the early montha in some canals which had cn been dried. As would be 
crp e ctcd, smaller counts hare been constantly found In those canals where 
tbe weed g i ow th has been lightest. The only nine at which yoaDg snalli hart 
been found in any oumhm has been towards the end of the poiod of obsa 
ratiocL Cooaiderable rariaaons in counti from differoit canals, and fnxn tbe 
same cmaJa at different tunes have been found, but the only ctaaduricB that 
can be drawn from the obaemdosu b that infesatke with both BuSttss and 
Pimoffcu a beary throughout tbe area. 

As has been pointed out abene. there is one pan of the a ita - d* Abdel 
Magid schcDV — where night watering b praetbed and. therefore, not only h 
there a constant flow of water throogfa the whole s ystem , hxfludlng tbe minor 
dbtifbutailes, but thev latter are narrower twI more stee p shkd fhsn thoK 
in the main part of the scheme and the gr o w th of permanent we eds b cco- 
sideiably leas. 

Compaiaore snail counts hare been made m mmor on night 

storage ai>d mgfat watering s y st e ms . By the petrol tin method fr om two to 
ten times as many bUharrial malb wer e found at the edges of the former as 
in the latter whOe by the palm frond osethod from two to foar tlmri as 
many are found, At the taOs of the canab the nrnnhen found we re appiun- 
manjy equal m both systema. 

The deduction can he made that tbe number of ressdent ■nsfk b up to ttn 
rimes as great in the mght torage canal a^ it b in tboae on nl^t watering, 
and that In the latter they rend to get washed through tbe f-rtal to the tall and 
out on to the fields. 

Ths DisEfncrnr# ow Cawalb. 

Obaaratkns were made to try to determine the rahie of dislnfectictn cf 
isolated canab with Prince Regent dMnfcctant as an ann-bilhairia measure. 
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In 1942 examination for S haematobium was done m three villages {a, b 

and c m Table IV, p 486), and the results were — 

a Adults 22 2 per cent, children 39 9 per cent 

b Adults 58 4 per cent , children 77 9 per cent 

c Adults 55 1 per cent , children 81 6 per cent 

All cases found were treated with tartar emeuc, and the canals supplying 
the villages were disinfected at about the tune treatment of all cases was 

Villages b and c were re-examiued m 1944 with the foUowmg results 
b Adults 10 8 per cent, children 43 8 per cent, 

c Adults 116 per cent , children 52 4 per cent. 

The canal supplying Village a, was also disinfected m 1943 and 1944, 
and when re-examined m, 1945 gave the foUowmg figures 

Adults 17 7 per cent , children 413 per cent 

From these cases it would seem that a high rate of infection can reappear 
m a village within a short time of combined disinfection of the canal and 
treatment of all discoverable cases 

The reason for this is that the cycle of infection is kept gomg because 

1 It is impossible to synchronize ehmination of snails by dism- 
fection and ehtmnanon of human infection by treatment 

2 Cases are bound to be missed m an exammation of a village 

3 Infected persons from outside come to the village or use the canal 

4 A number of the cases treated relapse Khalil and Azim (1938a) 
found that the relapse rate after treatment with tartar emetic, m a place where 
re-mfection could be excluded, was 35 per cent 


Discussion 

From the ohservauons that have been made dumg the past 3 years 
It can be concluded that — 

1 The incidence of S haematobium infection is fairly high throughout 
the area 

2 Infecuon ivith S mansont is ividespread, and the mcidence is prob- 
ably fairly higb in certain areas 

3 The rise in incidence of these diseases has probably been gradual over a 
penod of some years 

4 The measures taken heretofore to prevent bilharziasis becommg 
endemic m the Gezira have failed to achieve that object 

Further, it is surmised that the rise m mcidence is likely to be mcreas- 
ingly rapid m the near future It has been shomi by Khalil and Azixi (1938b) 
that the infecuon rate B-ith S haematobium mcreased in villages m Egypt, m 
one case from 10 per cent to 40 per cent , and m another from 2 per cent, to 
75 per cent in the space of 3 years 
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The effect on the gmenl health of the popnUtion hai not been Tuy 
notKcaUe op to the pi e jm t. but die obKiradoo of kzms (1934) on tdicri 
children tie an mihcation that, thoogfa infection maj pat* unnotked lad 
ouae no mcparesience to the parieot, it nermheleaa ha* contideTablc effen te 
hi* phyncal and mental power*. Abo, at Gujaxd (W2) poitia oat, h fit 
divpobci to amamino^u. ruherculoaia, pnnunoola and many other i&ean. 
It would appear probable that, should the incidence in the fatnte afpnadi 
that found m the Delta m Egypt the letult on the health of the popdali* 
might well be ditamoo*. 

It rt, therefore essenoal that meaniTcs should be taken immediately wilt 
a Tiew to stopping any ftinber increase, and to CTentuaHy redoong the Incid- 
ence to a minlmtmi. 

Scott (IWO) and BacntFT (1941) m Venezuela, and Scott (1942) in Egyft 
bare poimed out that lanhary measQre* are difficult, eipenrirt and faiefftctiTe, 
and that the only hopeful meanire of pirrenrion b the reduction of the 
number of anafli and the truth of thl ha* again been dcmetmiated bett. f« 
most of the meamre* u^ hare been directed toward pirrenrion of hiffcri* 
of canab by carrier*. 

It ha* been found Impo^fbW to keep the ptofde from nsmg the canab ft» 
bathing tndfthcr p ur pose * , and mn If e rer y riUage In the area ant rrmored 
u far ai pouible away from the canal*, and all supplied with wxS* and 
adequate Uirrine tccomrnodarian — mea«urt* which art ruled out oo the ground 
of expense — the people would frill u«e ii« canalv and It h deobtful if the 
iaddettce of bilharmm ccnld be kept to id present leteL let alone reduced. 

Therefore thhoogh it b neresaary to cmtlnoe and extend iH die *aiiimy 
measures, step* most be taken ro rtdoce the number of hllharziil tnaflf faj the 
canab to an abedute mlnnnom. 

It b hnpoctible to eliminate niaQ from ibe canah cnorcly a* freih ones 
are cootmually being brought mio the syirem fr om the rlrer and tbe problem, 
ibcirfore resolm n*clf mro making the ctxidinoDs in the canab sxxi that 
they will not be coogcnla] pbee* for the rrutlb to lire and breed In. 

Tbe first step toward adrieriog thb must be a great redocQcm to the 
weed gi ow th In the canal*. pamcuUriT and pmnaillT ra the minor dlitrflsi- 
tailc*. In many of these the pnmth of p er manent gresact i so excessire that 
h extend* praciicany acros* the whole width of the e*nil, and it fa only fot * 
*hort period after clearance ha* been done for Irrigation purpose* that the* 
canab are rdanrcly free of peiuuncnt weeda 

From the cipencnce iJrcady gamed m the Abdel Magid system, h n 
known that the weed growth in the canals of a 24-hoar watering syitem fa ctn- 
slderabJy less than m canab that are used for night utrrage the reas£« being 
that the canal* arc of hydraulic wc tiou which i« deeper oarr uw er and fteeper 
sided than the wide hallow sec non ncre*sitaicd br night storage and becan* 
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p»Tc impalnneQt of the bolch of the peopio over wiiJe arcu o£ ibc cooBoy 
It u csacntitl thit more effccrire meuuTC* be f«V<»n to redoce tiH control the 
inddence of thn ditemie. 


SCMNUXT 

3 The ponrion regzrdj bObA/zia! infccnon in the imgiied *rea t» 
deteriorated caniiderably 

2 Infection rate with 5 hmemstobiirm it probably at kart 20 per ctol k 
aduha and 45 per cent, bi children througbout the area, with a much higba 
rate m certain pbteet. 

3 InfectioQ rate alth S mamom b Imponible to estimate, but It b knean 
that the infeedem li widespread, and tJut there u a fairly hi gh rate in certain 
widely scattered places. 

4 AB racasurts heretofore taken have ffjJtd to control spread of these 
drseasei. 

5 Future mearares murt be directed sgaimt the maH peculation in the 
canaia, and the first step mart be a great rednetkm of die werf growth. These 
and other meamrr' are dbcuned 

6 An ecological trody of bllharxlal stulU In thi and other eodemk 
tieaj in the countr y n nece wa ry to order to eraluart foture TDea«Ptts of coontf 
and to reeotnmeod othen 

7 Etlharziasli ts one of the imporanr puhCc health p r ob fam facto; the 
Sudan, and in Impottance U even gm i e r than m the post beeacw there ts 
liltelr to be coonderablc cxteTHkio of the of ImtatJon to the near future 
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gnre impurmait of the health of the people orcr wide ateu of the r iyrntr y 
It b enenoal that more efieemr meatuict be taVen to redocc and ccotrol dit 
tnodenre of tha dat*^** 


SukfMAlIT 

1 The ponooD as regard Hlhanial hifectioo in the hrigaied am bsi 
detenonted conrtderahiy 

InfeaKTfi rate with S haemetofriom 1 probably at l«a«T 20 per can. fa 
adults and 45 per cent in chQdren throughour the area, with a nrtxh higher 
rate m ccrtahi places. 

3 Infection rate sMth 5 maruom I Imposnhlc to estimate, bat it H koon 
that the Infecdon u widespread and that there b a bihiy high rate in certain 
widely scarmed places 

4 AH nvauir es heretofore taken bate Med to control spread c< these 
diseaacs. 

5 Fimne measures must be dtrected against the snail populatloQ m the 
canals, and the first step must be a great rcdocnon of the wtrf growth. Tbe* 
and other mcastrre^ are dtsetmed 

6 . An ecological arudy of bilbarEbl snails re thr« and other ea dcfftic 
areas u the country m oeceisary In order to erBloate forore roea ore* of emooi 
and to recomnend others. 

7 BUbairlasb b one of the Important pohOc health problnni fadng the 
Sudan, and rti Importance b esm greater than In the past beau« there b 
nkely to he coodderibte e n eai mu of the uv of Imgarkm hr the near forme. 
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nud^t of tbc brv> bcaxnci hetrily mfcctcd with kmg, ilcndcr kptocDCcadi 
Later the length of the flageUura dimfniibe* to about ooe qturtcr d dr 
body4aigth and lu power of movement u redoced to a aerks of pmnttr 
jedtj with Lttle or no trareL At a atfll later atage the flagdlam pnctBslj 
duappemia, but the body mnaini elongated and twoted. (Fig 3 ) 

Under natural cocdiponi larrac actam the ^ aboot 4 

dayx. but under the labo r atory cooditkns arallable Acy failed to progtee 
b e y on d the &m moult. It u poaalble. therefore, tbit mbtequeiu phain of 
the lifc-cyde of the parante and it dapo«mon m the boat, altbougb dcaaftrd 
ai ocenmng m the larra, may nonnally take place after the pup*l ftage s 
attained. 

About jcien day' after hatchmg the Infectun trareli to the hlodgot 
which bm harboun a few actirc leptomooadi tunilar to tho«e fint found n 
the mid-guL The body li twined a^ the flagtHum 1« long and acnic, but b 
alrraTi artadied near iti tip to the gut wall Ftet forma tie not found b tie 
hmd-gut at any tune. Thu adherent coodidon of the flagellate baa nem 
been obae n rd among leptomonada In the mld-gm. Although the mld-gnt 
and hmd-gut axe oocaiKEoally lofettcd ctmcuntmly (the fo n ocr with Iqo 
moiudla which have pmetlctlJT Ion their flagella, and the latter airh a 
adhe r ent leptomaruda »ith long flagclbV it la unial to And that the paraahi) 
in the mW-goi dhappear whoi the bmd-gnt beevtnea mfeotd The adheretu 
flagellatet aocD beetle rmmded and take on leiahmama-Uke fonn. MulopS- 
cadon then be c omea rapid and laolated dtmen of lehhmanial panaira on 
be found at raiiouj pointi In the hmd-got. but they are n c m foond b the 
rectum Later the hand-got becomea packed with paimirea. The Malpighian 
tnbuJea of larrae ate nerer found to he mfccted. 

Foaaia Foowd ix Adult Flea. 

Aa the larrae faded to attain the pupa] ttage. inmdgatloQ bai been 
Cmated to the ejcammaoon of the brra and the adult flea. Pamrtea ate 
Derer found in the nud-gut of the ihe mfectioo alwaya hclng confined 
to the hind-gut and icctum, whDc occaalonally the Malptghlin lulKilea art 
farolred Ufually paiuiinzatian coauztencta abruptly b^ind the pybde 
open mg and citenda downwardt according to the mtemlty of the bfectl«i- 
TTie forma found m the Milpgbian tobulea art long, aedre leptcenonadi. 
rimllax to tho'c firrt found b the mid-gut of larrae' they are about 13 ^ 1®P 
and eihfbit twut' They ate imially found near the dhtal extremioca of the 
rubulca. The rounded /otm' tb' cn be J by Pattok and R«) (1921) aa occur- 
ring In the Malpighum fubaic' of the human flea Psltx mitns haie not 
been found m the pr cjtn t ^mfea In onler to explain the pcevoce of 
unraotile forma m the nibulci. there authon luggeat that they hare piotnbiy 
been earned there by the actfre fbgcHate' Wrxrox (1926) itgarda the theory 
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meal of blood, manj tctirc forma be aeen within the got rcB U rtw 
Dtmng the preaent mmdgatHD fra f onra hare nerer been obaened i^dna 
the gut. mm after a meal Wemra abo atatca that towarda the p o neuw 
eod of the m ta t ln e the attached flagdlaiea, and abo tboae free within the 
carity beoime tmaDer till finally bttle orntd Ifwh mania fonn* ate pro- 
doct^ It haa not been pcaaible to confirm thb atatement aj no c tiala^ 
differenthtioo baa been noted between the paraaitca dmated jmt behind 
the prkmc opening and tho*e found at any other part of the hind-got « 
wiihm the rectum. It will aubaeqoaitly be ihown, abo that the nnaDcr 
Icnhmanial forma (the leabram bixlict) which are deacribed by SnatTr 
(1923) ai occurring ooIt m the rtemm, are abo to be found at the upper end 
of the hiitd-gut 


Dmxowitrrr or RmarAXT Bocna ix Sauxe. 

Wextox (1914) noted that In aome fonn the paraahe b reastant to doto 
catkn, aa he obtained growth h) cnlrure from materia] which had bees 
dned for 24 houn. and condoded that the reamant forma art the mul 
Icwbrnanfa-Uke bodiea. It hai been fotmd that the derelopmcnt of die 
re a iatant body taltea place to normal aafine and It i* thua poaaabte to fofbw 
directly the aobaeqtient flageOatlon and change of form of the orgaiuwa. 
The period of mbifity of the bodiea while contained in dmd faecal bked b 
consldeTable an Inrer^ of 2 montha doea not in any way appear to afim 
dmlopmect. 

Reaiatant bodiea of Ltptrmorua dm^erphaU can he obtained for amdy 
in two waya. FJratly they can be fotaad In the faecea of infected fleaa which 
haa been diaaohrd In nUne and, aecondly ibey can be obtained directly froca 
the hind-got and i c e t urn by diaaection. In the fijat caac the factal blood can 
be dbaoleed under a corer-jbn and obaerraijcei commenced hntnedbiely 
If the lalme la cooiiderably hypotonic the bodiea dtamregrate owln£ to 
cTOKPtic preaauie differeneef whBe If the blood b dbaoh ed in water dbmte- 
gradon la immediate and cotofdete. In the aecood caae the gut and lecmm 
can be remored aplrt length wne and laid on a allde to dry Under tbcac 
cood doo the bodiea aurriTe for about 5 hotna, cAcn when gentle warmth 
ha< been applied for a ahoit tune to ensure thorough dmng ^1100 examined 
later in talrw during the period of Ttabllicy they can be eaaily dwtingniabed 
from aH other trpea hr their amooth appearance, which contr al to ahaiply 
w th the eacooUted coodmoo of the dead flagellate^ and larger fetdimanb-file 
form^ It u found that the ledttant bodies obtained from the Bern by drwee 
non um c for a pcTKd of 3 daya when they arc dried In a toltulon of 
olme and abarroir Uood. 

The dereloprocnt of the redwant bodies in saline takes the same form 
whether passed out naturaUr with the faeces, or obtained from tbe gnt w 
rect u m of the Insea by dbwenon. At first they Tie at the bottom of the saline 
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placed immcdiitely oo the itun ccncred alidc and caxc nken to kc that 
the film of blood ipreidi unifonnly betmccn the »llde and the cmcnEp. 
If oecenary the corenbp u gently praaed with finger Thu little pro ce dna 
n very hdpful for the imifcrrm fpreadmg ai the blood and can be leamt in 
only a few mmutev It howerer should be done only once a< It h Important 
not to disnirb the corenllp any more, otherwise n pieapltate might fonn. The 
ibde u allcmed to stay at room Temperature for 10 minutes and examined 
with 1/12 m oQ umnertlan lens. The chrooutm of the paiadte naim 
chocolate red the cnopiaim deep blue and the corpuscle light green. The 
cootiaat u so maAed that the pamte tf any am he immediately picked oat 
at a glance and oo dnborate samdimg of Indirldiial corpuscles h nccesory u in 
Romanowitcy^med thin smeaia. hCcnacopic fields not hanng the pan*itc 
can simply be skipped oter at a glance. There u rcry little or no dtstoxtlon 
of the paiwtes or the. red cells, and bcncc the fottacr can be ftwCcd pcacd- 
caHv in their naninil state. Thu ts m great contrast to the usual thick nuctr 
prepararioos nbere the ceUs arc subjected to rather riolcnt methods of dehaefflo 
glooinatfon and ttamfng ft pracdcaily combfnes all the advantages of a 
thick rniear without the Utters drawbadcs. There is no necessity foe wssb- 
mg drying and other procedore*. and hence ir can be dahned that the method 
a the mon simple ooe. If we cake uno cor ul deradaD the fact that all the 
above procedarei have bra eftromated— ^e actual inteml b e t w g B the taking 
of blo^ and its mlcroacopkil exammaooD as aeH as the finding of malarUl 
pandtet, 1 it least as thorr a^ the quickest method now in rogue Owing to 
the qmpUcity of the method ir i most niitabV where matPcaaralaatioo ef 
blood 1 neeemry r\ in outdoor dimciiaarie^ relief work centres, etc. Pre 
pared slides can te carried to the field hi slide bcocn and all that the woikm 
nave got to do b to roach a drop of blood on th« covcrslip. place h on a slide 
and examine after 10 rmnotn. There h no necessity for drying dehaemo- 
plobioizing pourmg of stahn, wishing, etc., or of cnnyuig then^ oetesury 
paraphernalia to the field. Another great advantage b that the redadocyte* 
are stained at the same time. These can be coontetl cadly thertbr prfnp 
valuable tnformation about the state of tt genc ration of the erythrocytes No 
application of Tasclinc u necessary at die margin of the cuverslip as the tJood 
dnes up m thi region, and by itself form a sort of sealing tnaienal The 
only drawback of ihh method n ihai the slides cannot Ik pi e ^ rved. umI h b 
better to examine them wtthm '’4 hours. 

For the sake of hmity nnther the historv not HiwwJon of detaJh of 
the atious methods of stain ng Mood smears are gii en here For thb purpow 
reference may he made to papers by the f llowmg auihon — Enaixai (fS79V 
RoMSMjwaiT (1691). (1S9I). Lsixinrw (1901). Mextu. (1906. 1925). 

IIoLxirs and Farxor (1926). Coxx (1930). Fmj> (I94IV ^nxox (1942). Stnch 
and BnATTAatAiji (19+4). 
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SUMMARl 

1 By means of supravital stainmg the malarial parasites can be sharply 
stained and easily found out The stain consists of Leishraan’s stain 2 parts, 
brilliant cresyl blue I part (1 per cent alcohohc solution) 

2 The method eliminates fixing, dehaemoglobmation, drymg, changmg 
of stams and washmg 

3 Reticulocytes may be counted at the same time 

4 It IS a better contrast stam than the usual Romanowsky methods 

5 There is no distoruon of the corpuscle or parasites such as is found 
m thick smears 

6 It IS a very smtable method for mass exaimnation of blood m outdoor 
dispensanes, relief centres, etc 
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COKRESPONDENCE. 


CASE OF SEVERE REACTION TO ANTRWOL 

T»,s.cno.-o/ »/ 

""■ I„ No,e,„b„, 1943, I 7 - hunnng *pha« X 

Volta 00 the French stde ot the nyer « *' ^ ttypanosomasts 

terntory has been almost complete y p established 

and my headquarters were at a snmll ^ At this village, the three 

on the bank of the nver a ywr and P ^ J^^ds m the neck and were 

children of the chief all had masses ^StaIey-MorWS at Lawra 

eventually treated for ^^TPanosoi^sis by D p came 

One day, accompamed by ^ , ^^w where we were almost ii^e- 

across the bedding down site of a herd o > assailed us from 

diately attacked by swarms of ^ere all bleeding from scores 

all direcuons, and in a matter of 5 3 ,^gle file, with everyone 

of puncture holes We ran for nea ly a%vay the 

beatin , the back and legs of the pers erhaps a hundred times, in the 

flies, but, in spite of this, I ^vas and even on the palms of the hands, 

peck, through my shirt, trousers, stockings, anq ev 



cawtttm^prrcr 
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One fly woHwd >t»df throagh t bole m roy ttockmg end procee d ed to dmr 
blood until I aquttbed rt agintct my leg Wc fiinJIy rciibed the nrer tnl 
took refuge in tnter 

Two d«y> Uter tbe pbce where I had aquaihed thli particular tsetse ftj 
began to nrell. and by the time I had reached my main base at Kamni, 9 dsj% 
later tbe place where the tactae fly had bitten me was a papule sommakd 
by a raised white area aome 3 to 4 rocbea in dameter and beyood that the kg 
was reddened and tbe muaclea mfll 

At Kumari a member of the trypaaosomiaaii team acraped the papule 
and demonstrated a linng trypanosome In tbe exudate. A fllm ns tnd 
rtalned with Lciahtnan, and again, after much acarching, the trypanosoioe 
could be seen. A blood film was negaare. 

Treatment was gieen at tbe hCLtary Hoapita] Sunyani Road, Kunun, 
by the mecScal apedahst, and conskted of a tm^l dose of antiypol to test my 
sensitmty to aaroe, and then a second dose intnvtnoualy My two Afncan 
aoldien were giren tbe same;, except that their second dose was gircn Intrs 
muacularly The antrypol In tbe second dos. came from a bottle whxh hid 
been oper^ 3 days prevlooilf and It was later suggested by Bngaifier FctULAT 
that tbe antrypol bad deco mp osed or had been orydised to some extent What 
ertr the orpliutatioa, wnhm 15 mmiftes of the in}ectlra I was consdeia d 
tTT> gllFL£ all over tbe body and pro ce eded to hart a riolent ngor There was 
some Tomiting and many scotomata In both etsual fields. 1 finally b cuxn e 
utMooscious, and remained m this aate for 4S hours. 

Tbe two Afneans had reacTKina not so term as my own, bat both were 
confined to bed for 2 weeks with legs my ptmful tnd stiff around the sites 
of their mtiafflvscolar tnjectiana. 

On re c orenng from this mtshap, I suflered from considerable lassirade 
and weaknesa for sercral months but was deCgbied to fiM thst tbe rwdlbg 
on my leg bad dltappeared dunng niy period of unconsaousaeaa. There ham 
nerer been any enlarged glands m tny neck. My blood, which has been m mined 
at 6-n»ontb}y mtervtls, has nerer been found to contam any trypanosomea. At 
the aite of the papule there remams a small round, bard, fibrous nodule about 
the size of a pea. 

I am, etc., 

T A. CocJCBcax 

Zoological Society of l«d(m. 
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POROCEPHALOSIS 


To the Editor, Transactions of the Royal Society of Tropical Mediaiie and 

Hygiene 


There can be no doubt that hnguatulid infestation in man is occasionally 
capable of producing quite serious symptoms 

Dr Stock’s paper (1946) in these Transactions, on a case of collapse 
of lung associated with the presence of a calcified nymph of Armillifer arniil- 
latus m the vicinity of a bronchus recalls to mind a case which came to my 
notice m Enugu, south-eastern Nigeria, about 4 years ago The patient was 
an Ibo woman aged about 40 who was admitted as a surgical emergency suffering 
from acute intestinal obstruction The cause of the obstruction was found at 
operation to be a narrow fibrous band placed transversely across a coil of lower 
ileum, which it kinked as well as strangulated It extended from the root of 
the mesentery, across the intestine, and was attached to a calcified nodule the 
size of a large pea on the side wall of the pelvis There was well marked, 
localized degenerative fibrous tissue reaction The ileum itself was apparently 
otherwise normal Division of the band immediately relieved the obstruction 
The patient made an uninterrupted recovery The “ nodule ” was later 
identified by the Medical Research Institute, Yaba, as a calcified nymph of 
A armllatus Cellular reaction following the death and calcification of this 
single parasite had no doubt been responsible for the formation of the “ band ” 
and consequent obstruction 

Armtlhfer infestation of man is undoubtedly more common than the 
sixteen cases recorded up to now in the literature would appear to suggest 
Dunng 19 years’ practice in Southern Nigeria, I have seen five cases Cases 
1 and 2 (unpublished) were seen in an inguinal hermal sac at operation 
Cases 3 and 4 were, as in the majority of the reported cases, diagnosed 
only at autopsy (Manuwa, 1928 and 1935) Case 5 is the present one All 
were natives of tnbes well known for their habits of eating snakes or of using 
live or dead snakes in the practice of various forms of fetish [” jtijn ”) 

From the available evidence and from personal observations, the position 
wth regard to the pathogemcity of these parasites may, I believe, be briefly 
summarized as follows — 


(1) Generally speaking, infestation is symptomless, if the nymphs are 
few and remain quiescent and encysted Even so, heavy parasitization of a 
vital organ, eg , the liver, may produce senous symptoms In Dr Lincoln 
Bell s case, reported by Cannon (1942), an overwhelming infestation of the 
walls of the colon produced intestinal obstruction and death 

(2) Considerable acute pathological lesions leading to death of the host 
may be produced if the nymphs rupture their cyst-envelopes, escape, and 
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bcgm to mJ|Tmte Id mj Cue 4 in wtiicb tits lymptoms faggoted tcm 
potfoning, nymphf were demDnitnted m the ndtcle* o( tlie hepatic Ten mi 
were endcntly m the actuil procea of ndgnting from the Hto 

(3) Cikaireouf ud deyeaer aU Te ebanyts occumny utuod dcc en cd 
nymph* may depenefing on their anatomical poemon, prodnee otntructiTe or 
other lymptomL Dr STOCK** caae and my 5 are example*. 

(4) There i* no endeoce that the paraiite* produce toxic tymptom 
Dr Stooc** c**e u the accond one In which thcae pirtaJto tare been 

radioloficaHy demomtnued. In Low and Coaimrati (1935) caae, olofied 
nymphal cyiti were radiologicaity identified m the liTtr tpeaeotcry and Img- 
Dtagnom in the Jinny sohjert u ocherwwe onuauaL 

REFERENCES. 

Caxhom D a. (IfrtS). Am tnp Utd PmmL, !•> 160 

Low O CuQceauzi & CotmzsoM, C R. At <1RA5). Trma. R. Sst, trt^ Byt 
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AlAxnira, 8 L. A. (1&2S). Wta A/r mwd y t, 100 
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I am etc. 

S L. A- Maxuwa 

Adeoye Hoapitai, fbadan. Sgrpeei Sptdaitst, 

Cobmd Mt£a} Srrvtet Nigei*- 


CEREBRAL LESIONS IN DOCS FOLLOWING INJECTIONS OF 
4 4 DIAAUDINCtSTILBENE. 


To the Editor Tkaxsactiov* of the Ro\al Society of Troptetd MtAar>€ •"d 
Hygiene 


^ . 

I bam rend the paper cn ihe abo^ eubyect by 0\aTixK and Fmto pob- 
1 Abed m yocr Journal (T nt R Soc trop Med Hyg 39 533) »hh 
conjiderabJe infercit 77»e amrr* ha e been able to produce certain lympJoou 
and pathological change* in the bniin f tlx dog by the injecnem of »hat 
they hare caJied fre»h Aolunom f AiQbamidinc. They ha e foggeated that 
thew CTperiincnt*] k-wn may thrwn *o«ne light on the pathogenah of certain 
ntuTopathtc ugm and lyraptom deatnbed after the tue of the drug m man 
But the oeurological change* iher ha c d c Acrihcd arc entirely unlike nhat may 
he expected in diamldlno^rllbcnc neuropaihr — the neurologicaJ »eqnel to 
finbamidine therapy firAt dewnhed hr Nawt* and Srr Cota in 1942. 


J 
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In the course of my investigations on die dmg 

bamidme smce 1942, I have TmT per kg bodyweight as single 

to the rhesus monkey and the rabbit in 2 to 5 S ^ ^ 

doses and one complete course consistmg ] symptom 

a week In no case, either in the monkey or m Ae rabbih^^ 

produced bearing the shght^t re^m ^oms that were noticed 

FroLER m their experimental dog ihc on y J r ^ and occasion- 
,he moBley were fluehrng o£ 4e face a. s 
ally closing of the eyes and loweMg of th of 

mjecuon was given During, ^d ° When ’these monkeys 

mjections the monkeys remained in p ,pnous miection of a cardiac 

were destroyed either by air embolism or the brain substance or 

glucoside no obvious changes were nouce rnmation after staining with 

L meninges anatomically On histological exammat.on^aft^r^^^^^ 

haematoxylm and eosin. no changes were to he ° ^ thalamus 

vessels mcludmg those of the entire region of the internal cap u 

and the caudate nucleus , „,„uiniislv heated 

In the rabbits that nere given rather larger doses o p Y 

solutions of the drug, there was a rapid loss of ''^"^ght and de 
by great damage to the liver and the kidney mai y internal organs 

spread degenerative changes and haemonhages m di j and^on 

The nenous tissues, however, did not show any gross a os,n no 

histological exammation after staining with haematoxy ‘ of 

vascular abormahty or haemorrhages or perivascular c 

inflammatory exudate was seen Tnrinn kala 

It should also be mentioned that until now over 200 c^es 
azar have so far been treated ivith stilbamidme at the talcum ScW of 
Tropical Medicme using 1 mg per pound body weight ^ 

dose and a smgle course of injections consistmg of ten to fifteen ] ^ 

mostly on consecutive days Some of the patients had to e , 

three courses of miections at intervals of 2 to 3 weeks Symptoms as 
by Oastler and FmcER or suggestive of any lesion of the nervous sys 
were entirely absent dunng ot immediately after the course o mjecnons 
that matter dunng the stay in the hospital after the comp etion ° ^ ^ 
ment Only in a fair proportion of the cases was there e\e opmen 
diamidmo-stilbene neuropathy 2 to 4 months after their disc arge rom 

It appears that Oastler .md FroLER had used solutions of stilbamidme 
that had been autoclaied at 5 lb pressure for 20 mnutes It is we ^ 

aqueous solutions of stilbamidme are liable to chemical changes iv ic e 
to great increase in toxicity It is quite possible that such c anges ^^Y ^ 
induced by autoclaving under presume a solution of stilbamidme or sue a 
prolonged penod It is hardly correct to regard an autoclaved solution as 
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freih. Aj ■ mirtrr of f»ct aiuodaving wai not nccrtoiy' KJutjoo of d* 
coDtcBti of in ampoule of rtObamldme In ttcrne dmfUed water gfrcs a onb 
totuQOD tumble for mtn\TTKPta InjectloQ. 

Tbe leiKns deicribcd by OAmxR and FinJit in lotne of tbe dogi dosb 
roerablc tbit lecn In acute mfectite laHammition of the brain and roemufo, 
»o great were the Tiwrular cbangea and the Infiltration with polymoiphotredai 
leucocyte*. It », bowerer hard to realize how netirtauc or myelin Jegmituii 
could be fully imdicd without uting Weigart-Pil or iirmlar ttiim or tpedd 
ttahiing for Niale * granulet, the authon haring UJcd only routine baematoTT- 
Im-eonn ttaln. 

In condimon it may he pointed out that the pathologtcal change* prod nerd 
by OAWTLta and Pmux ihoold be regarded u raiwcd by the faijecnoo* of auto- 
claved toltmoni of rrlThitiudme Id tlw dog taking for granted that there hi^ 
been no acodental rupenmprwirion of tome infectioti, I miKi confe*' that 
the otncrraaocu of theie wntcr* do oot in any way help In nndemandiDg the 
pathogeneti* of diamidmo-rrUbene neuropathy Vaicular damage and baemor 
rhage* undoubtedly occur after polwming with heated lolutloo* of ttUb amlduT 
m the rabhh.bot It I* very doubtful whether tbU trpe of kfioo or that described 
by Ourrixa and Frorxa can leleciitely affect the blood nrpply of a pen cf tbe 
fifth nerve nudeuv So far the cvideoce from my CTperimeot» with the rbewn 
monkcT i agaraw the nmirrenee of anv eoch le^kio*. 

I am. etc, 

P C Scr GtTFTA, 

KMla-4zar Rettaivh f>peTtmenl 
School f Tropic*! Mcdicxnc CslcuiU 


CORRIGEin>Ull 
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P«pM- by E. CaAMTT (1W«) Cowrol of ptaam by meww of Hv* triniJwB pt*C« 
T a ecipo ki Sautbern Afno oa psfe* 177 tt «■* 
for SaimmiVt pttth S prttis 
tcaj fatii P prttb ropectmly 

rM»4 m OfM am n R Oarw, Lio C tW 
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IxntooocTiox 

In thn paper I tho^lld Hke to glrc yoa a bdef oodinc aomc of the vod 
that has been going on in Wen Africa for the Us few yean m cotuectKit aah 
malana tiannnmion and contro) The rapid adrance^ that hare bedi made b 
the Ian 5 or 6 yean arc partly due to (be Iroportant. and at ritaX pm 
Wen Afnca played m the tupply line to the Middle Ean and North Afrfca 
during the war and partly doc to the incrcanng fuiKli araQiblc by the 

Cokaual Derdopment and Wclfaic Act of 1940 for ano-malaria vni and 
trained pcnonDcL 

In mh work many different people hare played a part, both mlQtary asd 
CTTtl Bnmh and American, and It may all be regarded aa a combined opsa- 
DOQ in the widen aenae Much of thia work has been pablished, but a great 
deal baa not yet appeared in prmt. and it It probable that much of that wQ 
remam oed up in the original typesmpt or c^oatyled report fonn and nciff 
become arailable for refeiroce. This mnldphatr o'! reports and optnaxw 
makes n rather dlfficnlc for the onlooiLer to get a cicar idea of what ha« bea 
happening and Is happening jun now- and although what I offer today b 
|im one more report, one more oplnko. I hope that it may help lo daiify ib< 
reo«qulto atpeo of the problem at lean. 

Without deaciihtng in detail the geography of We« Africa, there n one 
feature which Is apt ro be oreriooked and one which has a bearing cc atm- 
malaru policy ^Tille it H often conreruent to thmk of Bntuh West Afna 
as a aiagie h uruog eaeoQs amt m actual bet the four colcedea, Gambia, fem 
Leone, GoU Coast, and Nigena, each with lu wparare Cotoual Goremmest. 
stin remain eery di5iiDa- widely separated by Don-Bnnsb ttmtory and pcopW 
br races whose interes ts hare link in commen. Communkaocn beraem the 
four colocues fa almost endrdy by au and sea. and the distances to be ccneied 
arc stin large. Added to this s the fact that »hile the topography of the f«it 
colonies has a great deal In common, ibe differences, eren m the coastal belt, 
arc still wide enough to make gencralixanon dangerons. The’rocky latente 
Colony of Sierra Leooe with its remarkable rainfall obnotuly piescnu 
features rery diffeimt from Gold Coast with ns bare undulating coast of rcddWi 
loam and frocn Lagos with its porous andy kmI >ast lagoons and coonal 
swamps. 

As a result of all these faaort malam cootroi poHcy in the last few jw» 
ha puisu ed a more or lea independezn course in each aJooy and while a 
great deal has probably been kiM by tbit lack of faiterrhange of idcai and 
methods, each colony does pnesenc its odn j uT Tinar problrms which can <*dT 
be tackled rucce^uBy is the bgfat of local knowledg e . 

Since 1942 I ba e spent nearly 2 years in Sierra Leone, monly m Free 
town estuary ■nd 18 months in Lagos I hare also paid a short i«it to Accra. 
Gold Coast, and Baihursc Gambia. I can only spe^ srith any degree of con- 
fidence abom coastal dfatnets but. hosmer important the hinterland may be 
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as far as anu-malana work is concerned it is the coast, on which the capitals 
of the four colonies are situated, that will be our mam concern for some time 
to come 

Identity of Anopheles gainbtae anp A melas 
It has been known for many years that the mam vector of malaria in West 
Afnca IS A gambiae, with A fiiiicstus of secondary importance, and that these 
ti\o mosquitoes together arc mainly responsible for malaria transmission 
throughout tropical Africa 

In West Africa it has also been know n for some time that in coastal dis- 
tricts a dark form of A gainbtae also occurred In its most distinct form this 
dark or melanic variety was called A gainbtae var melas and differed from 
typical gambtae in having an additional dark band on the palps Up'till about 
1940 this was regarded as little more than a "melanic coastal vanety,” asso- 
ciated with salt water breedmg places Dr Barber (1931) in his Nigcnan 
survey had reported finding infections among these dark forms, but nothing 
more was known about its exact identity or its role in malaria transmission 
(Evans, 1931, 1938) 

Early in the war Professor Blacklock and Dr Carahchael Wilson (1941), 
in their invesugation of malaria among merchant seamen found odd melas m 
Freetown itself, and large numbers of them on the Bullom shore, across the 
estuary from Freetown In these Bullom tillages they found a high rate of 
infecuon among the " var melas," and considered it must play an important 
part in malaria transmission m the esniary 

About this time, too, house catches m tarious parts of Freetown estuary 
were started by the Field Hygiene Section, and later continued by the Malana 
Field Laboratory, in connection ivith airfield and seaplane base construction, 
and other military installations They showed regular catches of this " var 
melas” from most parts of the estuary except Freetoivn proper, and its neigh- 
bounng village or suburb of Kissy 

The next step was wheniMajor Ribband^ (1944) found that of mosquitoes 
bred out from eggs laid by distinct “ banded ” melas, only about one-third of 
the females were banded, the remaining two-thirds being identical to typical 
gambtae From this it appeared that “ var melas ” must include not only those 
dark forms, with distinct four banded palps, but also some mosquitoes 
which had hitherto been regarded as typical gambtae Ribbands 
also, following up Barber's original observations, found that larvae of gambtae 
and var melas” showed distinct differences m their reaction to sudden 
changes in salinity, and a simple test was devised m which larvae were exposed 
to changes of mcreasing salinity in such a way that most of the pure gambtae 
larvae died, and most of the melas survived (Ribbands, 1944) 

This physiological difference was followed by a morphological one, the 
pecten of melas and gambtae larvae showing consistent differences in relation 
of the teeth (Ribbands, 1944) 
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Tbc niuaikn at tlus stage was that wbta wq fcund adohs with tht om 
daik band oo the palp* we liew we were dealing ilmosc ctmtnly with jwie, 
but Hbere there was do extra dark band we dtd not know abedm ae sen 
dealing with unhanded nuUa or with typiad gmbtae Then in 1W2 at «£»■ 
coNcred that the eggs of the two fonm srere quite dUtina and that the adl- 
fnarlM differences were consistent (MuDutun Thosisox 1SH5). Here si 1« 
ne had a method of knowing exactly what mosquitoes wc were tkahsg ahh 
Wlien we canght motquitoes m TiBagca the banded ones were praakilly 
fnelfu whSt the unbaruled ones whs^ might be mflai or gammae sett fct 
askle to lay eggs oo which the idendty of the mosqtdto was establabed. The 
egg character rexnaittt the only accurate means wc hate of idcnnfTtB{ 
indindual wild-caugbi females oo tbc coan. RoBzrraox (1943) has found that 
the range of Tanatian m certain tihial markings is different In tbc two ipeoa, 
but We still lack any morphologkal feature whkh ran be used to dwnnguHi 
all adult gemfnee from all adult meimi 

We DOW fch that with so many differences to go on wc could regitd 
vl gfftnbue and A mrf*i as dWona spencs (RnANos, 1944 MnancAD TK^*- 
»ox 194S> 

In the Uv 18 months m Lagos we ha c been abie to carry the btmnc* * 
stage further In caprtnry and meio which hare been bred cart In 

the laboratory show no mdiMtion to mate. Until thi happened w« cobU b« 
offer proof that the two speoe* breed perfcaly m* to type In Stem Lkoc 
we tried small cages full of gtmb%4t or mein large ragev Indde and csjtddr 
at dadc and fed the female^ regularly oq blood. But there wb< still no nunog 
and fettilkaooa, ttw oranea did not detelop. and no eggs wot laid. The 
<ame methods were rrsed oot m Latrix usmr lajTe numbm of labofatorT-brpl 
mow^mtoev but soil nochmg happened, nil finally csie night the cage wa kept 
iHummaied by a table lamp widi an orange coloured hade for sertral bo®' 
at night. Under those oroitjoru both ^mmbw and mci« mated teadUy sod 
Uid cgp after a blood racti In iHh way we could finally show that tdolti bred 
from metas eggs hi rurn laid Dothinp hut mr/as cTT' and rtmhi^e sl*> 
remained nme to type One of there UboratOTy-bred and mated 
females bred 86 days in a small 6 by 6 by 6 mch rage In that rime It tock 
thirty Wood metis and laid twenty-aght hatches of eggv all of them dKioci 
firmfrtae type 

In order to brmg our ohren non nto line aiih thore of the Europesfl 
A mmcvBptnms complex, we persuaded meUs males to fertOire gsmlwr 
females, and males to fertil ir mefo females UhnnlnatiDg the cage* 

a dereribed aboic Tbc eggs bud a evili of there cto»s maiingt ■bowed oc 
iranutkwial foriru bin srere dctermuicd hr the idendry of the female Thc'C 
eggs produced hcalthr larvae srhirh ga e rlre to hrlmd generailofl of heshhy 
adults AtTCTopis to get there hrhrld to mat with each other or srith pure 
gamfriwe and m its were nnwcewful. and erarainarion bowed that while ihr 
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females were npparcntl) nonrnl sexuall), the males were m most cases sterile, 

with underdeveloped or atrophied testes 

The stcnhtv of h)brids m a severe test of specific status, and considered in 
conjunenon with all the morphological md physiological differences just 
dcscrilicd fonns a pretiv firm basis for regarding gem/imr and mc/ov as two 
entirclv distinct species 

Mvumuv Transmission na tiir/ns vsn gmii/uer 
However satisfactorv it maa he to have established the exact identity of 
vnlas and gamhinc in West Africa at this stage one naturallj asks whether tl 
is anything more than a nice piece of pure systeinatics, and wliether it has anv 
bearing on the problem of malaria control On this point I can assure )ou 
that on manv pans of the coast the efficicncs of control is and will be to an 
increasing extent, determined bj the full appreciation of the relative abundance 
and relative infectivitv of the two sjiccics m the area 

In Frcetovvai estiiarv' we are fonunate in that about one third of the mc/es 
have distinctly handed palps, and we can form a rough idea of its incidence in 
different places bv catching mosquitoes m houses and multiplvmg the nuinhei 
of four banded females by three to give an esiimaic of the total mc/es in the 
catch This IS a rough and ready method which can onlv reasonablv' lie applied to 
large samples In small catches it ma\ lead us nstra\ But hv this means 
vve could tell for example, that while nic/rtt was abundant in most of Frcetowai 
estuary, Frcetowai it«cif and the neighbouring village of Kissv were almost 
pure gamhtac areas 

In and around Lagos, on the other hand, only about S per cent of the 
meJas have this distinct extra dark band, the remaining 95 per cent being 
indistinguishable from typical gamhiac In this case we must rely entirely 
°ti egg charaaers before vve can have any' idea at all about the relative ahund 
ance of mehs and gamhwc m houses 

This was one of the first things to be tatkied in Latjos From January', 
1945, onwards several catching stations avcrc selected in rmd around Lagos, and 
at interv’als mosquitoes were collected by hand-catclimg from these village and 
town houses Of the total collected a sample of anvihing up to fifty' females 
were put aside, one mosquito to a cage and they were identified by the eggs 
they laid dunng the following 2 oi 3 days As mclas and gamhiae lay equally 
well m the laboratory we could work, out fairly accurately' the number of mclas 
and gamhiae in the catch From these records we now have for the first time 
some idea of the inadcnce of the two species in several different localities 
round Lagos, and the rclativ'c abundance month by month right through the , 
season, based on about 15,000 adults collected, and about 7,000 ege batches 
identified 

This IS rather a laborious method but there is no other way of acquiring 
such figures at the moment, and the results amply repay time and labour 
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For cnmplc, m ooc villigc suii o uD doi bj htmdmls of aao of mzngnne ad 
brackuh twunp, we fioH dut at CEmin tunes of the year most of the ne^ 
(^mtoes m the booses tie not mtUa as we might ctpect, but ^tmhae aew- 
omes ongmatmg from a'Smgle freshwater barrow pit beude the riTtiy. 

T-agm town Itself u nttuted oo an ulnnH oo which there are no loegcr 
bncltsh swamps, but jon three-qoarten of a mile across the harbour then b 
a great prodocnoa of meZsj for many months of the year from the ci ton Ire 
uoal swamps. Yet 96 per cent of the hoosc catch fat Lara b gsmiiar hsi 
origmatc ■Im nst entirely from local ram-hQed breeding places. SfanOaily }aa 
ab(Kt a mile or two inlmd from the mtlas infested coastal swamps cnc fini 
vtUagCT In whith the popolanoa a cntnely gambue 

In Freetown ertuaiy too, egg tdcndficatiop has rereaJed sudden chin go In 
the moiqtrito popolatbxi whkh mlg^t otherwise hart escaped our netke. 
Wcilmgton Tillage, where much of oar work on b r eedmg bamrt of mrisi wb 
cairkd out b dominated by meUs for the greater part of the year In the 
early rams m June there a a great peak of mos quito producooo corretpesKEnj 
to intense breeding of meUt in the adjacent dewnma orchsrd Egg M eurifi o- 
non however showed that at this peak period whkh only lasts a few aetb. 
about half d* masquhoei in ibc hovact are gsmtnse ortg^ting from nmncr 
out rtln-filled poob m tmoog the Tillage hooaca. 

As tesuJo of cootrol tnemsttrci in aQ these areas bertonc mare and nwt 
TTsdeot, h will be mcreisingly ImporTant to Imow the ideanry of mosqultees 
nill o ccur r in g ht small nombers in bouses, so that and mccey an otx 
wasted is omtrolHng the rrrcBg breedmg places. 

There u a great need for more mfoTTSirios of ihb kind co the ct«*t aw^ 
It on only be done by routine egg IdentiScatlciQ of motqoltort frtan repeoen* 
tadre catling starKPos. For cample. *e hare no idea of the reladre iKnd 
ar>cc of meUs and gambw m the other tw coloaul caplralt. Arm and 
Bathurst It b po'ublc that ther may both he affected by citendre odal 
rwanrps nearby or it r^ possible that loral breeding of gsmfrisc In fresfawiw 
poob b the main concern UntD such informadon b farthcDenlng we bare » 
relT oo conjecture, whkh b definltdT not condoore to sound mabru coontiL 
We hare already refe rr e d to the records of BAiara and (Xusora 0531) 
found infectkmi among meUmc coanal form of gsmttae presumably mtUt, 
In the Lagos area. In Sierra Leor>c.too. Burma and Wn.*w (IWl) ferad fcan 
sporozoite Infections In seTeiirT-foor*‘TaT *tielfli*’ciTi the BuHooi shore and they 
conridered that the high Infection rate both of malaria parasircs and nucrofilarbc 
ww of cocsiderable miponance for West Africa. 

On the other hand there were reports from East Afnc* that M«itT (193*) 
found no infection in tit m to frotn Dar-cs-Salaam, In ihh cnmiecocii 
I might potnt out that nothing was known at that rime about the identity of 
meto m East AfrKi, and as far as I know the utuation b equally rague 

Once the Iden n tY of meto at dl tmer from gsmtofc had bon cuaWWied 
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It Mas fcU that a ncM series AVrictul^MThat c ’tL rcLrcls^of 

banding and egg chancters was e Pidd Laboratory under Dr 

1,000 dissections earned out b> N • ^ ^porozolte 

Tredre, on material frorn Frectonn . O 

rate of 4 2 per cent for ^ ^932), but the figures uere 

figures for gambtac ^ ^ from dilTcrcnt localities 

not smctly comparable as the r recently m the Lagos area 

This question nas taken up m more ^ have records 

uherc all identifications uerc based on egg c lara important, 

from many localities at all months of the '' .hidr .e bad looked 

Me Merc fortunate enough to *yP „hicb’botb melas and gamlnac 

for in tain near FreetoMai J" '’rrougbout mosf of the 

occurred together in numbers m t ^ ^nmbwe md mclos Mhen they 

year We could noM test the infceti y S tn hnd in nature 

were exposed to chances of infection as equal as it is pos ,th a mean 

Jilts slioiied that linde, those equal f,"'" „ 'fi eeJ a" 

spotozoite rate of ,1 1 pc, cent is nea,^ J jTffJncL lice 

melas, Mith a mean rate of 4 5 per cent r„r„r,ac for snorozoitc 

also shoMn in all other catching stations, the combined gu P 

rate lieing 10 0 per cent for gambtac, and 3 5 per cent for m 

Fi Jberniole. at certam times of the yea, the tX,, 

samples of gambtac reached heights neter approached )y »» comoared 

figufe to, any month iia, a spo,"„,o„e ,a,e of 8 pe, cent rUgr., 

M 1 th the remarkable figure of 29 per cent for gambtac 

]ust a little short uf the " epidemic ” infection found m gnm ta . 

duction to Brazil and also agrees closely wth Barufr s J Akhouch 

localities in M'hich he, unknoMingly, was working Mith pure gum g 

gambtac remains unique m this respect, it docs not alter the fac , 

IS a pretty efficient \ ector, too, and that the tMO of them form a \cry 
partnership on the West African coast at Icasj; 

As has been emphasized earlier m this section, the rpcognition o 
parts played by melas and gambtac m malaria transmission m an y oca ^ 
m West Africa is an essential basis for sound control policy ^ ' 

importance of the tMo tarics greatly from place to place, even letMcen on 
end of a touai and the other, and so far it is only m the Lagos area an 
Freetown estuary that Me have the necessary information As Me s a no 
see the breeding places and control of the two species are so striking y i eren 
that effective control agamsr one species alone may leave the pro em o 
other practically untouched 

Breeding Places of Anopheles melas 
I shall deal first Mith melas, as it is with this anophehne that most of 
our knowledge has only recently been acquired 
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The cipaary far rar meLa’’ to brred m brarHih wter ki maml n twi^ 
baj been known for many yeum. BArnsn and Oxxvooi m 1930 found h bn^ 
ing among paspalutiL, which b a ctane aca gran coTcnng great g r n rV irt oi 
rvial fwunp near Lagoa. 

In Freetown the dm bracklth wamr breeding place wai aho fotmd la 
a manhy patch of paapalum trad other grua In an area outskle the nusgrm 
and only flooded at qmng tkfca (RiiBAmw 19+4). Btrt braddih iwiiiijb cf 
thw kind are Karce m F r e et own camary where moat of the great area betaeoi 
low tide mark and high rpnog tide mark b coroed with deme nangrwe. 
And yet In thoae pore mangrenea areas with few open ipacei of paipima 
rwamp we were 6ndmg high caichci of tnefaj hi the village houaei. in the 
one known b t eedmg place d ea crib ed above which hea just west of Freetown, 
lame were aerer found extending from the aa giaia mto the adjaemt mm- 
groie. Ai thtt wai regarded ai a typical melsi breeding place the acarth ftf 
liiiiilar typei of swamp went on for mooths with completelT oegadre rtsnla 

Finally we found a few lame m a part of the mangrove bidt where tie 
mangrove appeared to grow ra rather a differeni way froin nunl, spaced otB 
on vetT flat and ftirtr firm gnmnd, rather Hkc Dttle »pple nee^. To cut a 
long itotT short these charaarrlatrc orchardi as we c^ed them bcJcaigcd 
to tfio*e of the black mangttne. AviemmM whBe the great bulk of the mao' 
gny r e belt r' cnmp«w<d of the owne {amHiar red laaa g ic ue . Khisophora, wiA 
in edit roots, te^ dniots, and dot^ tangled g rermh. Desae breeding ef 
metas w soon found to be amfined to those Awerrms ortharK aheieas 
the great etretchei of pure Fhttephon and theu fringes of paspahnn, riert 
harroleas. (Mciuhead TiuBtaoN I94S1. 

These Aruenma orthaids art only flooded by thb spring odev >nd vary 
greatly m sure anrthmg trp to SD acres. At certmm tmie' mormocs number* 
of rneZu larvae mar he fotmd Knttered nght thrtxjch the otchard- 

Now It wit dear that the presence of one of the« gr^t orchards near 
the aixiioTage or seaplatK base might noIEfy the antHnalaiia work going 
on ashore. Seaniing for tbt breeding grounds by exploring on foc< In the 
mangrerres ts a tediou Job especiallT with the pr ca pe c t of about 20 mile* 
ccwrtllnc ctnered with mangrove anything up to S mDes deep. When newed 
from high ground the great mangroic bdr appean a umfonn green fa the 
rimv hcason, but fa the dry saw* the Artcenma orchards can be picked out 
by th 1 ght green colour f their foliage, compared with rhe vanotr* darker 
shades of Rfn ophora Aenal recoonanvance wa then tried, and new crebardi 
were seen fa thl way although the method had ta drawbacks in that it was 
very ddScuIt to get one bearings even looking otri of a comparaorely sJof 
monng Swordfish plane 

FraaHv the method of aenal photography was tned The R-AJ" 
tlreadv a fairly complete mosaic rtf the ettuarr made up of reitkal aerial 
photograph Im m thn motalc it wa< err difficnlt to disriogoish the diftr 
ence< fa foibge trmire and shade Bur when the orgmal prints were enlarged 
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od^l moTcmran m tbc lagoon areii uc cxtmDcly ramble, and tboi b f lgUi 
actually Unpredictable. 

In CoM Coast, again, «e find placca IDce Acoa where the coastal copfi g io - 
con Is rather dlStrent, "islth tncias breeding among the paspalom at tbc tdjQ 
d tmsTI bgooot nbich may or may not ^ open to the aea at aD imKt, ^ 
In which there mar be no cl^ mangrore belt. 

The tme omarioe conditions found in Freetown eanory may powibiy be 
dupiicated in other pans of West Afnca such as the Nlgw delta, bot n b 
already clear that there it st>ch a range of cooditioos that the findltigs in ooe 
part of the coast, no maner how clear cut and cosxJudie they are miy 
actually be quite tm ladmg If ap^dled directly to socne other pan 

One other point about the brccdlDg habitt of meUs H worth norinf that 
», Its almost complete resiricrioD to the tidjl bdL When the egg Htffqmcts 
were discortied, the dtstribuoon of 4, mrlas and A gatnhtae brewing jJsca 
In, these coastal areas ni midkd by coflecting eggs from a wide range cf 
potential breeding places. In this way It rm found that ertn m places where 
mefss I enormously abondant. It mako u«e of freshwater pool only to a 
Dfghglhle ertent We bate found a few eggs in miivfilled pools in Frcettm 
itadf and under strT similar condlrioos hi Iwsgos town. But for all piaetial 
porpoaei meUs h rigidly confined to the area below high spring ride mnt 

CceeTR<x Of A met*) 

hare seen that m Ffeetown muiry dense breeding of mflts H jnaaily 
coofined to about half a dozen Atwtmjtui orthards, whose total area b n« 
more than 200 ro 300 aaet- Thh coocoitiBred and clearly defined Datum 
the br ee tU ng grounds suggested that thor ccorrol was a practical porabiBiy 
These broedmg grourvl fend to dry out at mterrab during the nesp ode 
periods, but drainage alone does not control breeding, becaose as we bare seen, 
most of the turwl dcrclopnent takes place while the ground b MiJl being flooded 
twice a day by the tpnnt tides, ^'ben ibe tpnng ride period b orcf and 
tbc dralni start to act, tbc brrae are already full grown, or pupated and adnhs 
art prodoced before the ground dnet up. 

About the end of IS^2 the idea of keeping the high spmg rides out 
by bunding the breeding ground arose quite inipendently in Freetown and 
In Lagos, and dc spi te the fundarpcntal aimilanty of the problems the desd^p' 
ment of iha method during the following 2 or 3 yean pursued m fa- 
dependent course tn the two colonies The idea of retiuming tidal swamp 
by building a bund or dyke to keep osn the high spring tido and drsinlng 
off the impounded water at low ride thnwgh automatic or harKhoperattd 
ilukx-gaies. is certainly not a new one. As far as West Africa goes I teDcic 
It was first used about 1939 or 1940 for rtebimmg tidal swamps for tkc ad- 
utaocn in Sierra Leone. In that colony the malana control modeb were 
based oo th and the pirsence of an Irrigation and Drainage Depaicnoit 



B C MUIRHEAD THOMSON 


521 


With experience of empoldenng seemed to offer a flying start to tnelm conuo 
However, for various reasons, the progress m bundmg has been disappomt- 
ingly slow in Freetown esmary^ and it is to Lagos that we must turn our 
attention to realize the enormous possibihnes of this method of control 

In the Lagos area bundmg has been carried out by Dr Gilroy and tas 
staff to an extent and with a thoroughness that forms a perfect working mode 
for all malanologists who are likely to encounter this type of problem m any 
part of the world (Gilroy and Chwatt, 1945) 

In Lagos there is no question of clearly defined breeding grounds of limited 
area to be reclaimed The aim here has been the comprehensive reclamation 
by bundmg of the whole mter-tidal area with the exception of the outer fringe 
of mangrove Immg the creeks and the lagoon The very small tidal fluctua- 
tion m the Lagos lagoon, usually ]ust a foot or two, has imposed less strain 
on the bunds, but at the same time made it more difficult to run off the im- 
pounded water from the flat swampland As a result all sluice-gates are hand 
operated, the sills of the tide-gates are set 3 feet below mean sea level, and the in- 
ternal drams are wide enough and deep enough to be of the nature of canals 
rather than drains They always contain salt water, contmuous with the lagoon 
water when the sluice is open, and clean edges When well established they 
remain completely free of melas breeding It is not ]ust a matter of concen- 
tratmg breeding mto a small area, it is complete elimination of vast breedmg 
grounds of melas The techmque in Lagos has been perfected to such a 
degree by Dr Gilroy that I have seen apparently hopeless quagmires of brack- 
ish swamp and mangrove dned out m a matter of weeks (In the last 4 years 
the total area of tidal swamp reclaimed in this way is about 5 square miles ) 

To return to Freetown estuary there is an enormous tidal range, about 
12 to 15 feet, compared with Lagos This range should greatly facilitate nm- 
nmg off the impounded water at low tide from the drams behind the bund, 
but at the same ume the height of the spring tides, and their frequency, imposes 
a severe strain on the earth | bunds, which evidently need to be constructed 
on a larger scale than m Lagos Furthermore, the Freetown orchards, although 
of hmited extent, are exposed to a much heavier rainfall than Lagos, to a 
heavy run-off of water from the hills of the dry land, and to heavy seepages 
from the dry land at swamp edge 

That IS the sort of range of conditions one is likely to meet m the West 
Coast, and it mdicates, I dunk, that while the prmaple of bunding has im- 
mense possibihnes m eradicanng melas from coastal towns and seaports, it 
may have to be modified considerably to suit local condinons From what 
I have seen it is i method which seems to have great possibihnes in the 
Gambia, near Bathurst In the Gold Coast, as we have seen, the problem is 
mainly one of melas breedmg in numerous small lagoons with ill-defined 
oudets on a surf pounded beach Those who are familiar with the problem 
m that part do not advocate bundmg, and the best method of dealing with 
such places has not yet been worked out (Bruce Wilson, 1946) 
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Bkexdlso Placx* axd Cofoitoi. or A ggmbtae 

The «d\uice3 m IkHowledgc about gtmhide In Wett AInca la tbtba b* 
yean ha\c rurunUy not been quite ao ftriUag b« with meias Gaaiur u 
ruch has been Ejuniliar to generations of malatiologms and it reoums pnb 
abl? the mewt dangerous anopbeliDe m the world. In tome «ap it jiiiwei » 
be a remarkably Tmatile adrerwiy while m other wap It •ppcao to be i 
narrow spedalm, with weH defined like* and dnUkes, unable to maintain kwH 
imlev things arc jurt to, 

Aj an example of Its venatiliry we hare tome obaerraDoiu ou the efiea 
of amfidal fiuihhig of partly dned stream beds to chmhute grmhae bretditi| 
In pools. In the rocky coloBy of Sknm Leone the« ate totro racami abcn 
proridc ideal breedmg places for gmlw In the dry weather when the ana 
IS reduced to shallow svmla pooh cm the rocky b^ Arufiaal ftv n hiag «£ 
these rtream beds, a control method which haa p a nn e d reiy effeedre sgM* 
such stream breedmg mosquitoes at A fTamrmu and A JhrtsariKi m Indh. 
sce n Kil to be an Weal method fo^ this partknlar proHan. As a itfolt dmu 
and shnee gates were ImtaDed at tbe upper ports of some of these streams 
early In tbe war One of the flrsi things I was shown in Frtocnrn was tha 
flash m ope radon, I was mudi fanprtsvd. A nubulcot flood was T^etcd 

which swept this rocky stream bed fiueu bank ro bant. If appeared as U 
nothing could lomre such a detoge and the fltah seoned to «d*fy aD 
quiremcnti. Unfomnutely when tbe flood fubssded after an hour or to, 
ae sqU found Urge numbers of full giwu gtmb**e lame and pupae m the 
nream bed. After a time we fooiW out that what was hippexdng an thk 
The first flash washed the g*mfii«r larvae out of their poob to tbe slack water 
at the edge where the Ur\a< tu b m a ged and eyldcnlly lay qoftt at tf* 
bottom. In faa *e couM show in the Ubocatory that gambtwt Ume can 
turn e complete immersion for 4 houia. When the flush subndcs the Urrte 
come ro the surface, and follow the slowly receding water bock to the central 


pooh 


When tbe flinh was wepped up to three times a week, with a doobk 

imposed froman sdditKinal sluke anorba compUadtn appeared, Tbe and ted 
and bonks of the nream started spnranng a bcary grosrth of regetitioo with 
tufts of gm s m intd screa m, all of whkh aflordetJ additional barhouragci fee 
gamfrw Ume In a canalized bed the rcsulta of flashing would peobably 
he mudi more ellectirc, but It all shows hosr extiaoidinaiily mrful 
cntknJ one mun be m applying to one Idnd of mowpibo loeasiurs whwn 
ha been estebbabed by ooscrtatioos on a different brid of mo'qtdf’*' 

A for gambrae’s specialist hafaita, what ts alwtp roost ftriklng Is n« 
•o much the placn where gambtar does br eed, as the great rafiety of 
water in which it does not bree d E en the ideal breedme place anodated 


with gambtar tbe mull sunlit puddle or pool may be cinrionsly Dcptb ^ 
In some of ibe Utcrite flau near Frwrown, an hnraoMc mrrober of 
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pools may exist for weeks on end m the rainy season, and yet the propornon 
breeding gambme may be as low as 1 in 50 But in the odd pool, or 
group of puddles, which seem to sausfy all requirements, gambiae breedmg 
seetns to run not, and hundreds of larvae and pupae may be taken m a few 
square feet of surface water The existence of these odd pools swarmmg 
with larvae has been one of Freetown’s problems since the nme of Ross (Ross 
et al , 1902, Ross, 1902) In Lagos, too, I have seen a smgle flooded vegetable 
garden m the heart of the densely packed tomi, ivhose output was worked 
out at about 50,000 female gambiae per day for several weeks on end 

This feature of gambiae breeding is one that crops up on the whole coast, 
and probably in the whole of West Africa In this respect I think that durmg the 
last few years there has been an increasing realization that the most rapid and 
striking reduction in the numbers of gambtae can be brought about, not by 
large and costly drainage schemes, but by the so-called temporary measures, 
systematic search for, treatment or elimination of the small pools and puddles 
which form the major breeding places There are many places where breed- 
mg grounds have been greatly reduced or ehmmated by well planned drainage 
schemes , there are places like Lagos Island where improved drainage, and the 
slow and inconspicuous process of sand filling over many years, have produced 
a tropical swamp town almost completely free of gaminae breeding places 
But-unless these schemes are coupled with an efficient organization for routine 
inspection and treatment of casual pools, their good effects may be completely 
nullified 


These remarks naturally do not apply to melas, whose control, as we have 
seen, is an entirely different problem, m which large scale bunding or other 
engmeenng schemes is the only answ’er 

Of the measures directed against the adult mosquito regi’lar house spray- 
ing with pyrethrum m kerosene has been used a great deal m recent years, 
particularly in Gold Coast (Fdofi 1944) The use of spray-killmg alone has 
been adiocated as an effcctnc means of controlling anopheles in West Africa 
a suggestion nhich seems to be supported by the undoubted success of spray- 
killing against gambiae in South Africa, and against cultcifacies in India 

In Villages near Lagos however we have been unable ev^en by intensive 
spraying 4 to 6 days a week, to bnng about a substantial reduction either 
in the number of anopheles or in their infectiv ity probably due to the finding 
that in houses which are being frequently sprayed more and more mosqiutocs 
tend to leave the house after feeding and rest outside thus escaping further 
exposures to day time spraying (NIcirhead Thomson, 1947) 

However disappointing the results obtained by this measure alone it 
ma) still be possible that when it is combined with vagorous anu-larval work, 
sprav killing might provide an additional effective blow against the few 
amaining adults 


In this respect it is important to remember that the Rockefeller Founda- 
tion and the Brazilian Health 'kuthorines m their outstandingly successful 
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carapiaign agamit gambiae m Bnudl. emphutzcd the bopontncc o( amds^ 
both the Ume ind the adult moaqmto 

In tht* report the hai been on gtni tnst and mtlai. No tncttia 

hat jet bem nude of /imertot idildi a gembtst't able partner b emne om 
•o much of tropical Africa. AcnuIIj in the Wot Afrhao coattal enp, oa 
vhich the colochd cnpitali are riruated. funesius u onlj of local impcrtm 
Where it does Appear It has not been oeglccxed. For example in Kfasj hOtje. 
now ahnosT a suburb of Freetown, furustus taed to be as Important ti 
(Goanov et oL, 1932), hot m the last few jean, as a result of narwnm rmia- 
raeiided by Blacxlocx and WiLaow (1942) fvneitia has now dwindled to 
piacrioHj nothing 

Fanestus was also the sobjeex of aome of the earhest 6eld expenmota ca 
the lamcidal effect of DDT earned out bj Professor Boirtw (1945) ne* 
Takoradl oTcr 2 Jean ago and Rouakzm (1946) has also added to cm koe«- 
ledge of thti speoei by obserratians fat Gold CcM on the effect of trah de»- 
rag, mooahght, and other factors cm Doenmu] acririty 

There are odd locahnes. too, mbere A nih has been shown tobc an liupat 

ont ector But m general g*mb»«r and mrlas hare irceiiei) the hen i thare c< 
artendon. and rightly so. 


DDT ot Mauuua CoxTten. 

No disetadop on reeenc knowledge of malsru cxmrrol wonld be cranp k* 
without at least pa nng reference to DDT 

DDT needs no rntrodocoon here the main features bare been fully dcat 
with by Profeiani Bur i n s (1945) in hla address to this woety and in ti* 
cussson that foDowtd, Uldle its remarkable InsectkWal properties 
firmlf estaUtsbed there are one or two Instances where It has been aedsaned 
in a way hardly jmtibed by the arailihk facta. 

As a Urncide there u no doabt that it is a most raluable weapen. 4 
report from Freetown by Dr Wauo«« says that with 2 oz. DCT per acre, b4b| 
a watery dilaDoo of a kerosene soap-ral eraulsjon a complete klD of anopbeDne 
and cuboiK lame r« nlwlTwri To achieve the same rerulo with paru green 
cost three to four runes as much, and about twenty-fi c tunes more in the ciw 
of roalanol. In thh war DDT n certalnlt going to improre coonol wttbnJt 
necessarily revoltrtlotimng it. 

Now we come to the q n mton of DDT as a residual ra'ectlode In Hcows. 
The commcnlr accepted tdea i that treatment of the inner walls and crilnig' 
of TiTlage hoews will make them lethal to racnqulton for two or powblj nwt^ 
months. This condorion r« supported br i q mts from many ceunmes, sno 
deahng with differen. anopbehnea. If thi were indeed tme, rhen It wc«J“ 
tmdcailttrdJy open up entirely new uta of mosquito eradtcatlori and maUtO 
control 
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Unfortunate!), m some recent work in Lagos, wc ha\c disclosed unfore- 
seen snags which may greatly limit the value of this insecticide against mos- 
qmtoes This is briefly the storv 'V^^ien one sprays the walls of \ illage houses 
with DDT in kerosene, there is the most dramatic fall in the number of mos- 
quitoes caught resung there by day, and this may conunife for several weeks 
or even months Tliat is the sort of experiment that has been done in many 
different parts of the world, and many people hare taken that as sufficient proof 
of mosquito reducuon 

In Lagos, after a careful study of the normal house haunting habits of 
gambiae and melas, we found that although many gnmbtae and melas remaui 
m dark houses after feeding at night others leave the house at dawTi and rest 
outside When they leave the house at any time between dusk and dawm they 
are attracted by the famt light coming m at w mdow s and other openings from 
outside We designed a simple trap based on this attracuon to faint light in 
such a way that all mosquitoes leaving the house were trapped m a small 
detachable window cage By this means we w'ere able to show' that while a 
house treated wath DDT m kerosene remams free of resting anopheles for 
w'eeks afterwards, as early as the 4th day after treatment mosquitoes were 
entering the hut, feeding on the occupants and leaving the hut after feeding 
Of those mosquitoes escaping from the treated hut in this way, and caught 
in the wmdow cage, there was no appreciable mortality in the following 48 
hours Withm a week of treatment large numbers of mosquitoes were feeding 
m the hut every night, all of them leaving afterwards, so that nothing was 
found in the hut on the following day (Mutrhfad Thomson, 1947) 

Presumably what is happenmg is that when blood-fed anopheles want to 
setde on tlie walls after feeding, they are irritated by slight contact with the 
treated surface, and quickly leave the hut before they have absorbed a lethal 
dose of the insecticide We could find no cridence that mosquitoes w'ere suc- 
cumbing to the effects of insectiade inside the hut 

In anoth^l^ experiment, an isolated village had all the houses treated with 
DDT m kerosene, but we continued to find blood-fed anopheles in outside 
resting places beside the village, and among those mosquitoes with gland 
infections 

This irritant quality of the DDT in kerosene, which prevents it exercismg 
us full lethal action, may possibly be overcome by using DDT in other forms, 
or It may be influenced by the type of house or wall surface But at present 
It may prove a serious obstacle, and there is certainly no cause as yet for undue 
optirmsm, in West African condiuons at least, about revolutionary results of 
residual spraying with DDT in kerosene 

We cannot say yet whether or not these findings have any bearing at all 
on the use of DDT against mosquitoes in houses in other parts of the world, 
but It is fairly clear that the dramatic fall in house catch following treatment 
with DDT as a residual spray m houses, cannot be accepted as definite proof 
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that rooaqujioci are being kilkd. The metboda toed m Wen Africa im^k 
applied with adrantage claofbac to follow up the poatUnLtj of mipson 
feeding In treated bouaea, and leaving anhantied. 

If there are any differmcca of optmen at thu nage ahoot the -rnaiBl 
effect! of DDT on motqiutoei m houacF I think that the held atnneiagbo 
themacives must ihare the bUmc There U bttle doubt that the ndden adios 
of DDT with iti remarkable reudual ouecxicidal properriea caught m anpn- 
pared. Our knowkdge about moaquito moierD cn ta in houaei wai not mdy 
adequate enough to provide fooVpr^ heU testa. The woerk In Lagw ha 
ihown that wichoat a sound knowledge of the moaquito • nonnai behaMoor k 
may be ^oy difficnlt to huc ip re t accurately the reaulti of fW-M tests. The rak 
u really just beghmlng. and it la frill just aa necesnry ta ever to approac h the 
subject with the tame caireoD cxc rciasJ by Professor Button m bh addrew 10 
tha aocicty nearly 2 jreanago. 

Axopoelikx Rnwenew ajoj Mai^vau Covntoc. 

In dus mainly entomological icport no menaon has been made d ihe 
effects of all these measures on the incidence of malaria, panKulady aiiKO{ 
the Services, danng the last 5 or 6 yean. This itaclf b a i«y bg 
subject and ooc whi^ I am not competent to renew or dbcnsu I imdmtaad 
abo that this aspect of the probtem wfll be dealt with folly in a IcpnhCE«uD{ 
publicatiaD by Dr Tacnan. 

We usually refer to our measuics to reduce anopheles as anikBihnal 
But m We« Afnca «e do not know at what p«Dt the two terms h ecrvn e owst 
or leas synonymotn Everything depends oo wheae malana we are tiyiDf w 
reduce, noa-ltnmune European, or htmgcnoos Afnon. 

In coonecncai I should like to meniran some mteresring aoik riui 
ha been gomg on hi Freetonn for the last 3 years under r>r Tra ca and 
Dr Walttw {Tmurc* and Walton W6 Waltov W7). They ha c beta 
cop cem ed »ith finding the relauan between the great reduaum in anoirfwh* 
ahich they have brm^ht about In Freetown otct that period the c<ia>t ™ 
which malaria tratwEitrion ha been redoetd, and the extent to which malaria 
rat and the Wood picture of the local Afrxan population baa changed Mote- 
worthy b the regular blood euratnaiian ererr month where po«iWe d 
infknta frocn Hrtb oowirds to 18 mootha. so that exact data are being btih*d 
about the frequency of new nfecdon and their seasonal dbrribuoon. 

It k obnouA that a gmt deal more nvformanon of this loud b required. 
Even the entomological speoillM narrow tbougb hh aim and cwllook may be 
can hardly help noticing that In these coamil areas at least the itidi^;eiww' 
African seems hardly aware of malana such. I do not think anveoe a eery 
vure about the enent to which malaria conmbutea to the ill-hcalth d ibe 
adult Wc»t Africa and one naturally cornea up igalmt the cantroetnial hwr 
SA to bow far and to what extent roe afu r es agahm anop hel es In Africa 
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Discussion 

Professor P A Buxton Mr President, I should hke first to thank our 
speaker and congratulate him on having dehvered an admirable paper w c 
will be of great service to us, and for havmg spoken so briefly Dr Muirhead 
Thomson jhas dehvered the goods, closed and sat down in 45 minutes, a 
most unusual accomphshment. There is truly a remarkable amount o 
information that has come in from West Afnca durmg the last 4 or 5 years 
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I been frequcndj In thit coxmtij and kocnr the amount d hard vni 
needed to produce thla ccammmication and aumm ame it. One pou:t ol an- 
ndenbk lotercat » that after TBoaaocf’i fint p>enod of aarice m Am, 
the Colonial Office ma moved to offer him an apporntment In Wett Afna, 
with the (cnenl mandate that be ahoold go there to atudy tbe biology of jraadwe, 
Dot to contra] h, but to contribute to our knowledge of that one tpska of 
insect He haa been there 4 or 5 years ew ee n tradng on itaAtm and mtio 
and very dearly thia poBcy of concentrating on tbe mam rector but Jeanof 
tbe man to devdop die lubject In hli own way wsa aouncL The dccnioo ihored 
Tman on thfc part of the Cdonitl Office, and haa in fact pr or td acniftiJe ted 
wise. In tbe paper there are a great many things that are (Satinet and nloshlt 
cootributiona to the aubject First of al] Dr Moiuxad Thojoom'* erwa 
diacorery that yon can aepaiite mtJas and /«sal«or apparently trtry tune by 
the character of the egga. Ercry provloualy knopm character of adult and Ume 
were Icsa aamfactory Hanng found thia point of distmcdoo, another rwy 
valuable adrance was the ffiscorery of the assoesanoo of ateia br eedi ng vidi 
the orchards of Avtttniaa in Freetown estuary If you read that story at kngth 
you srill find it a fasemating account of most carcfnl natnnJ history Tbe cEs- 
trlbuticn of the diffexent »oru of mangrove depends very precisely on their 
podhon on the very graderti slope ra the estuary Just a bit (town the HD 
you wiH have the red mangrove, /ZAtaopAora, hantdeaa from the raosqmtD poetrt 
of new and a Httle op the alope you may bare the Avtemon. The elahoote 
itory of tbe relanoa of tbe moaqohoes not only to tbe m ih gror e bot to t par 
tieular poant in tbe tidal cyde ts a enmiaangiy worked out atwy A third 
point ttet will stand out for a long tune in the paper and in the work door 
in West Africa, it the doubt thrown on DDT for this partioilar purpose agam* 
gnhtat under West African condhiona. It la Dotrwtrthy that sritUn the tot 
year Dr MemtHEAO Thoii»«ei and at lean one caber penetrating wocktf hart 
begun to fed conudenble doubt aa to whether DDT ia as eflectire in kiHio g 
adult mosquitoes m bouses as haa been bebeved- I agree that Dr TiKnOOS^ 
fall paper abon that under his condidoiis DDT u aetjog more as an IriTtsiit 
than ti an msectiadc. It is dnving mosqiaioea out of tbe house, not to (he 
but to fire, and tome to develo p aporoxoites, which after all ii the CB>e thmg 
we want them not to do They are bring long enough to become barmfoh 
that ia a very disappaumng and dwturhing thing It seemt to roe that most 
other users of DDT have failed to look far enough, or deep enough, *od bare 
been satisfied with the more au perfidal obserraDoo that after potting DDT 
OQ tbe wall you did oot find mosquitoes there for 3 moetba. There is, bowertr 
evidence for tbe sort of anopbdei found in the Mediterranean and in the aouthera 
I«m of North Amcnca, that they sit on waila treated with DDT and ronam 
long OKJugh to take up a lethal dose. Perhaps there is a jfiffcreace betw^ 
the Afferent apcact of AaopMtt into winch farther and fuller enijairy wiD 
have to be 
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bar bcnr it has be«n povlUe to umljamate tgncultunl Uod improrcmca 
with the tnti UmJ work in aocoe of the tnti malarial coaatal drabufe ata i org 
described by Dr Mct»heid TkowKm Before the war u\ Malaya prwjolj 
all rural anti malarial projects, ukdu<Citg those akmg the coast, bad bra tisod* 
Bted with land reclamation and were earned out m aueb a mj at to prorlde 
additional atTcage for crops. If the qaeation of extendlog and larral meanra 
into the rural ereas of West Afnca cornea to be aenoualy considered it ihoetd, 
I submit, be done mtb eery dose regard for any opportunity this may odcr far 
the extension of land cnltintioQ and (xop prodocdoii. It bad been foond o 
Malaya that rdatirdy mexpenatre and-malana drainage Khemes codd be 
designed to fadbtate agncolrare. The modem generation of nuhrfa Bdd 
workeia should a pprec ia te tbe oeceanty of gnrmng food at wdl as of aiiauef 
disease. Present-day needs hare ahown how nectasaiy it if that these tal^ects 
should be dosdy alhed. 

On the que^OD of malaria immomtj though one has often beard tbe nev 
expressed that soch an (mmornty amongst Afncan oanres impQes no enppHag 
effect among tbe infected coouDunity yet cxpciiencts In other equally malancnt 
coimtnes, where the difficuhiea and tragedies entaOed in tbe build-up of a arid 
unmunity may bare been more dosdy obserred, soggeai that a Eght-bestted 
acceptance of the burden of roaiana, eren in rural Africa, may oot be wbofly 
juiti&ed, when health u tbe final goat 

I should Eke to congrituiate Dr THo%oce< on bis choice of tbe term 
direct,'' in plsce of the nmeh misunderstood epithet of “ tempenry sitd 
in relation to and milana measures. In Malaya we were drives to the o*e cf 
the term permanent when we were m fact employing methodi sduth 

were direct and permanent, but which were not so expendra as bnck and 
masonrv to which the name *' permsoent is generally assigned. 

I ^Lnd It cfifScnlt to understand the bilare of aluiang mendooed In the 
paper now under cIlscusBioa. Is it oot possible that the larrae were breetfing 
in the impounded water above the dm, as wis desenbed by Dr P F Rd***i^ 
In the Philippine* ? Then there » a point, which I nndermnd will be further 
daborated by ProfcaaOr WnxUMSon and which 1 bdJere to be of 
ngnificance Dr TsOMSCrf spoke of the remarkable tpeofidty cf tertufl of 
the breeding haunts of tbe larrae of A. itmthtm and this contrasts iharply with 
what one has prenouily beard of the almost un l T Ci ' sa l nature of its breedinj 
bitats. This point of speofiaty m the breeding places of tbe malsn*-caii7iB| 
arsopbehne is one of great importance to fidd workers and is one wberan much 
more detailed chemical, geological and biologiol inmngatioo should be dooe 
to determine tbe onderlymg cbaiacters of the fsTtmred breeding places. The 
sendtiTity cf larrae to soil condtUons urafen^ath thar breeding water I* • 
directioci In which one may hope to enhance the raiut «nd scope of tnslans 
fidd surreys. Malajan e^Knence pouita to the fact tbit the eharader of tto 
soil and poaiibly of the soil bactena circuiating in water in contact with such 
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soil, may have some effect m determmmg whether the anopheles which breeds 
there, is hkely to become readily infected with malana 

Finally with regard to DDT, I had the opportumty to assist in some of 
the early expenments on air and ground spraying with DDT dunng the war 
years in India and Burma In the course of this investigation we tned to deter- 
nune the relative values of indoor and outdoor spraying under a variety of con- 
ditions, but the report of these tnals remains buned in the secret archives of 
South-East Asia Command The R A F Station at Cuttock, near Calcutta, 
lent itself renaarkably well for some of these tests On the outskirts o ^ ® 
aerodrome there were some huts identical m character and well stocked each 
mght with an unusually wide range of different species of Anopheles In the 
particular experiment I have in mind, one hut was sprayed with DDT in 
kerosene at the rate of 20 mg per square foot and another remained unsprayed 
Both the treated and the untreated huts were closed with nets every morning 
after sunrise and counts were made of the mosquitoes caught over a period of 
2 months, dunng the height of the malana season In the course of this tnal 
no live mosquitoes were caught m the hut treated with DDT The condition 
of the building made it possible to collect dead mosquitoes found lying on the 
cement floor as well as on the wmdow ledges and hanging on cobwebs The 
findings were remarkable not only because of the long lastmg effect and the 
wholesale slaughter of these insects, but also because of the unending supply of 
dead anophelmes ivhich could be identified, thus reveabng the number of 
different speaes which had succumbed to the effects of the poison The total 
number of the dead catch Avas on some occasions higher than the numbers 
caught alive in the untreated hut , care was taken that none was left uncaught 
Many of the anophehnes not ordinarily house-haunters were found dead and 
from this it was assumed that, after feeding upon the ammals stabled in these 
huts, they must have been impelled by reason of their engorgement to rest on 
the DDT-treated walls to extrude the blood plasma before flying away and that 
the penod of resting was long enough for them to acquire a fatal dose of poison 
This was the sort of evidence upon which the comfortmg conclusion Avas reached 
that indoor spraymg with DDT would probably be successful elsewhere if 
applied AAith the same thoroughness as Avas done in the expenment It is there- 
fore to be hoped that more detailed study of the value of indoor spraying m 
West Africa may be made to determine the precise conditions under Avhich the 
elusive malana A^ector, the habits of Avhich have been so charmingly descnbed 
by our speaker this eA enmg, may be killed by DDT 

Professor K B Williamson I haAC listened Avith great interest to Dr 
Muirhead Thomson’s account of his illuminating im estigations on the anophc- 
line Aectors of malana in West Afnca, and I should like to refer very bnefly to 
a question that concerns this and all similar investigations, namely, what makes 
one species of mosquito at one time and place an effectiA'’e earner of human 
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milarii, but a poor carrier or absolute doo rector at other timea, or in atber 
ptacea ? I beCcre it h cuftoroary to explain thia fact hy reference to i peoa 
samtation ^ id ita nnctal upect, the pnwf beiog comideretl complete wba it 
b ahcnni that certai n vanedea within the tpeaea are pfedormnanlly too- 
xnthropophUic. The of Amtpieiet maciihpma pnmdet the bec utran- 
gated example. It ia obrioat that the bitmg of man u ai aecej a ar y for milnii 
tranansaaiem at turning the nritch la for producing electric light Bat tUi 
may not be the whole itory TTic mere rraVinj of contact will not etaure thm 
reaulta if there ta no current to flow nor parasite present to pan on. Some 
sotla seem to bmig thb aboot by cootansoating breeding waters, espediflj 
water logged alhma] aoili nch m rotting vegetation. Sir Roirili) Ro*a counielH 
mvcatigatiOQ of the reiadona of aod and malana by modern methods, but I am 
Dot aware that moch intereit baa been taken in the aubjcct Doea contamiiBtioa 
brought about by orgarucaDy nch eoU underiying stagnant breeding intEn, * 
by excess of vegetaaem rotting within them cDrectly dnnimsh of abofiih d* 
eectona] pxjwcr of ausquitoes adapted to ihexn, by rendering tiwr tiwoes hso- 
chemically unsuitable for development of the malana parasites ? Be that ■ it 
may I think Dr ScrujtfT wflj out, and 1 bdieve Sir Mttcoot WiT*»r 

and Dr Btinowuwt would tf they were preaent, that Malayan eapexwMeshcxa 

that the iDddeace of malana U largely determined by aotl chsttcteristiCB. Scr 
Malcolm \VAnOM reached the oondusioD that dangerous moaqwtoes wen 
absent from certain coastal nceflelds bemuse of the ch emi cal compoatneo 
thdf water And subsequent invmogaiion showed that a Urge area £r« frma 
AnepktUt and almost devoid of mosquito breeding stagtated errer stale wsto 
logged peat. And there is very httle malana m the w es t e rn coastal rice bdt 
of Malaya, the soil bang an Ul-dralned aHovium rich in rotting vegetadm. 
The coutal foresta provide an intnguiDg exception, but the malana rate n«s 
steadily and the soils get purer and Dghter and are better dramed and carry 
purer water the higher one goes inlandL This rclauonship is not by any mean* 
confined to Malaya. Covnx i wx>r1d hsta contain too many examples of dcstroc 
Dve vectors which breed in tpnng-frd sre p agcsi, clear streams, rock pools, etc., 
for the conrlaDoo b e tw een purity of soii and water and matsru to be eotirrly 
•cadcntal Examples could be multiplied. I learned m convemtion with 
Dr Mouao of a locality in French Indo-Chma where A elsewhere s 

harmleaa puddle etc., breeder had been proved to be a vector of malaria> 
and It tiHT^ out that it was breeding on a sandy nvtr bank. Dr McAathcx, 
who 1 present lom^t, and who has made the impioetant ducuiwy tint X 
Uumpltynt is a mlent vector in Bntiah North Borneo tells me that he mdine* 
to the belief that therr may be two vanctica, cf which one orJy breeds n spring 
and seepage fed water and carries malana. while the other so far as is yet knonn 
does neither 

As is well known, contimmated food tv< environment contnbotc flsnwr 
to fish, a liberal dressing of Worcester aaiMx baog necessary to render palstsWc 
those caught In muddy waJera. The same thing occurs m mosquitoei, as an 
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observation made in my laboratory by Zain showed An adult A. barbirostrts, 
bred from a surviving full-grown larva k^pt for a few days in dark brown water 
in which excess of lawn clippings had been rotted, had its midgut and Malpighian 
tubes stained a deep black, presumably by chemical transformation of the 
refractory humic matter present in the water, under conditions of defective 
oxidation approximating to those in waterlogged orgamc soils One hesitates 
to conclude that dehcate malaria parasites could undergo development on 
tissues so highly charged Much less contamination might suffice to prevent 
its completion Only experiment can decide the issue, and m no controversial 
spint I venture the suggestion that the problem of the ecological determinants 
of vectonal power meats investigation at the highest biochemical level by means 
ot modern microchemical techmque 

If Dr Muirhead Thomson, repeating expenmental enterprise that reaped 
important discovenes from the miracle of his “ aphrodisiac ” lampshade, can 
find or make time to carry out such work, this Society and science will be 
yet further indebted to him 

Dr G A Walton While m Freetown I had an ample opportunity of seeing 
the ivays in which one found A gambtae larvae in particular places The soil may 
be mentioned The whole of this area is denved from acid igneous rocks The 
water is very aad, so much so that even when stream ivater in Freetown con- 
tains large quantities of ammoma the pH is still on the acid side It would be 
very difficult to alter the soil because there is such a colossal and reserve 
nevertheless, I think an investigation into the reason why A ganibiae breeds in 
certain places is really called for I wished when I was there that I could have 
the opportunity to do so , bqt we were all very busy getting nd of A gambtae 
Itself It is worth while mentioning that in my opimon this anopheles breeds 
in places that are defimtely associated with human activity It is not exactly 
very easy to explain that, but you may have a very large field ivith an enormous 
number of small pools in it , and the ones that A gambtae chooses to lay eggs 
in are the ones recently formed by workmen who have been getting rock out of 
the ground Another thing worth mentiomng is that the A gambtae seems to 
show a preference for places where people wash in or cross streams Also in 
swamps it chooses the places where people walk through the swamp We have 
also found A gambtae breeding m a font in a church I and in one or two other 
cunous places In general the impression is that some form of human inter- 
ference definitely excites the A gambtae to the place where it wiU lay eggs It 
IS a \cry interesting problem indeed, and I think somethmg could be done 
there really a aluable 

Dr Edward HIndle Mr President, I should like to take the opportunity 
o sajang what a veiy special pleasure it has given me to be here this evening 
and listen to the address bj mj first Honours Graduate at Glasgow It is also 
a pleasure to see the result of a zoological trainmg in problems of this kind 
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Dr Mutsuzad Thomson h«s brought to our notice terenJ obsemtioca d pen 
interest in general biologj tpert from their tpeoal apphcaOoo m the pnUta 
that be hu attempted to aolre. Tltere are one or two qucstians I ibnild Ue 
to t*k bun. One U wbetber arty obaerratkoa hare been made to determine de 
&ctora gOTtmlng tbe aelcction by the moaqmto of any partKmlar ate for tb 
layuig of its eggi. 1 mentioa this because aootber of my students, Mr SrcuiT 
studied tbe egg laying of (Efferent spedea of Chlnmotruds breeding cm the tfam 
(rf MlUport, which are eztnordlnanly particular In their selectiOQ cf pwh. 
These pools contain Tarytng tmeturea of &cah water and sea water ertn thank 
they may be only a few Inches apart, auJ you get larrae of ooe speoei tf 
Chrrononnd in p^s of a particohr aaluuty whUat ii^sccnt pools of Jfferm 
aalimty contain larrae of other speae*. It la not a question of surrlnl, I fftaK 
you can take larrae fnsn one pool and put them into another of different tafiskf 
and they will lurrlvt and complete tbeJr dcrdopnicnt. 'What causes ead 
particular pwol to^conuln only c e rtai n speaea was not determined, bet erxkaet 
was obtaiiied that the females sdected pods according to tbe saEnlty cf the 
water It was isot a q u es&oo of any (Effeicnee in the pH rahic. Whh refereact 
to DDT the thing to study would seem to bo the tam of anopheles, smcc ihi* 
u tbe part d the body which cornea In contact with tbe Insectladc. I nns^ 
that ttK structure of these tarsi must differ ccnnderably and perhaps the thek 
neas of cuQde or some soch factor mgfat help to icctnint foe ^ mying r«dtJ 
obtained with (Efferent tpeaea. In coo du sicn, I should Qke to exprm Kj 
tVnnfcii to tbe lecturer for a very Intercstiag paper 

Dt John MeArthnr I bare do real contnbution to make to this roj 
delightful paper but our observsticms in Borneo suggest that results there wUh 
DDT would be parallel to those of Dr Tbomson in Africa. The 
cKcupation of Borneo hu pr even ted our trying out spraying of waDs there aw 
DDT but, while thu of course must bo i matter of expenment. It U diffioat 
to believe that It aroold be lethal to our rector mosquito which entos ^ 
bouses late at night, feeds on the sleeping natiTcs and returns to tb* j®!* 
again apparently without resting to any extent on the walls. 

Dt B Ford Trodrt I should Gke to say what a pleasure it Is to me 
hare beard Dr bltrtaHEAD TnoiooN speak to this Society because direcdy 
and indirectly I have bem associated with ham dunrig the tunc be has been 
d<Duig ihii wwk. ^Tsen m the ILA.M C. I was posted ss i malanui^girt » 
West Afnca, and reached Freetown within a ccnple of months of Dr 
TnoMioVs arrinl, I may say that I went to ^Vcat Afnca with the 
malaria coutrol from the mifit^ aspect merely amounted to cootnJ of 
water gtmbtm but when I got iboe I was rather surpnsed to find ^bat ^ 
brs(ddsh water form might be of importance. There was do rehihle InfonnMM 
obtainsble m Freetown as to the importance of stdar as a Ttetor ef oaUA* 
along the shores of the estuary Major RoBANZts unforttmilely for mo. ^ 
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West Afnca has disclosed some unforeseen snags ^o ot 

but 1 must emphasize that the results as y ^^tbods of ‘ tnn‘'^cn‘=‘’ 

Ft’he uarUcular type of village house there The ^^^^cre ^<0 

^ the other hand might he apphed wth ^vc could b'^ ^^oug'' 

forget to add, in reply to Dr Sc^’s ^be 

„t an of any anopheles being killed by DDT m ^ 
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mrc that m otb££ coontnts dead iiK)«quiU>es bare been found in treattdkna 
Tbe rucceta of lucb azntrcJ nteasarea nay depend cndrelj oo £ffen*ca 
between spedea and diJ efeocga m houtuig We are only at tbe b t|mflOj 4 
tbe problem, and if we approach it with a more tboroogb prefin BJui 7 bin 
ledge of tbe moaqmto ■ normal behanour It should be easier to lottq^ na 
of tbe 6eld experiments. 

Dr RjBBAima nUed a potm about the moaqnitD a reaction to pfndra 
when an altemadTe untreated bouse la anflable. I bare acme nnputfied 
material about this winch I don t think he baa seen. In tbeae ezpenmeai i 
group of isolated boa»ea wer e aO aptaped with pyrcthnim, so that tie n»- 
qmtoea had no choice of feeding Iri nntrtated benaia. Under those cmfittaca 
jQst as manj mosquitoes ai usual fed in tbe sprajed bouaea. Batiftoasehono 
were left untreated, so that rooaquitoea bad a choice of feeding in •poT'’^ • 
unapraTed hoosea there was then a definite £dl bt the number entaJg 
feeding m tbe hut aprajed with pjrrethrum. In field ex per im ent! the rodo 
may depend a great deal on whetlWr auch a chcacr cf blood meals in unutattJ 
booses IS arailable or not. 

There is tbe qucatioa fay Dr Ualtox imd Professor W nj . l A i a f Of ibw 
tbe coffl p emoan of the water in tbe breetfing place. Tbia la a wy bnporas* 
poutt and one wbch I hope to look Into I hare had some expenenee cf unt^ 
gating this of prohlon in Aaaara, and think that rmarch of that krtd kt* 
to be done on a long-term policy but mult* in tbe end art wtC wwlb 
Tbe main reason for not taeUtng this quettoo in West Afrwa b that *t la« 
been fully occupied with more inunediats practieaj cua c am a, but tbe 
wiQ hare to be tacided some day Tbia sdecticin of some types of w*'** ™ 
breeding purposes, end aroidance of othera, is not entirely determined 1>7 “t 
female mosquito W« may find only one pool in fifty with plenty of eff 
present, but that pamcuUr pool may not turn out to be the most ftmor** 
for breeding, as it may dry up or tbe eggs be washed away 

When we {EscDrered the egg difference between asrAn and 
foUmred their diatributioc by coQccung eggs from fresh- and tah water 
and found swfar almost entirely confined to the tidal belt as far as egg 
was coocemed. '\c bare odd records from fresh-water pools, but “** 
a deoded preference for aah water Gtmbtse shows an eqTjaQj diitiftcl pttfer 
cnce for freah water but there is oo evidence yet to show srhy /assiisr seJ*® 
ooe particular type of freah water and not another We bare some idess ib** 
this but nothing definite so Iv and hope to tackle it scsioosly some day 

Tttt PmUenl It only remains for me to thank Dr MtniHEiD 
for hu very Interesting paper The success of the eremng is I think very 
the result of Dr THOiiiox's hanug given us ss Professor BuTTCCt has 
out, so much mformstion m the apace of three-quarters of an hour an rtf<rienc* 
wbefa IS rather lamsuil m this Society It Is a precedent which 
cncouragemenL Thank you. Dr MooffliAn THOiOotr 
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the TRANSMBSIoT^T^^AMA in BORNEO 

BY 


JOHN MCARTHUR, mrcs, lRCP,‘ 
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Introductory ^ 

Malana appears to be ^°’^eToa^%e?r'to be quite 

Borneo Although some parts, espea j ^ consistently IW 

“S; t:“«p£r,„t"aRno,. Ive„. Wo- ->0 
“'tirs „o luu w haa TW“ S' W 

of malaria m Borneo nor, consequen y, 3 under 

The following pages are an accou Japanese occupanon 

the North Borneo Government just before J P ^ astnde the 

Borneo is the third largest island in the ^,/fertile land. 

Equator, and is a mountainous, well diseases which are a 

^th a good climate, and, apart from unhealthy land 

result of the general low standard of Imng, it is not an 


The Vectors of Malaria 

When th., work was begun, Unle was town *' Am^eL 

„ala,., rn Bomeo It had long been Mlya, was also 

macuhtus, the most dangerous mosquito in *e eMStence of this 

the most dangerous mosquito in BnUs o malarial measures 

belief there uts a good deal of evidence an p ^^^jupje, wrote that 

had frequently been based Shircore (19 ) typically, dis- 

“A wac.lauts, a notorious carrier in Malaya ^ the chief 

tnbuted throughout the areas visited and dence of the virulence 

tcctor and there uas a good deal of other published evidence 

with which this mosquito was credited 


1 \\niCll HU'S 

. Pobbranoa of ,h„ .»s.s-ww,»o ,n ,94,-w» ««™p.ed bv .bs .«ups.,on of 

?„Trr,o .“ho iork''',!'’Ml ss:?. olwlocb w,,, t. p«bi..h;d .howiy 
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lo thli belief, therefore, the reaesrefa wu begun under the nspraao) dot 
maUiia rrork there neruld prorc to TTti»an ahnplj the ipphotkc d dvc 
meaturca whkh had prored ao torreadTj in Malaya. Im by me boc 
ccooomlctl means mhed to the far kn wealthy land of Bomea 

Tbk Etoumcx or jEani-TOX 

]csKltoo b a email port on the Wot Coon of North Borneo- fat tih 
town, for 5 mootbi m the early part of 1939 l eaca rch was earned oot ® 
local malaria axtd moaqoitoes. Thb worh at the dme appeared fnddat, b it 
war not pooible to follow ft to in cmdosloo. but it later prored to h*rt i 
quite im p ortant p^ace m the picture of Borneo malaria. 

An exammanon of tome 1^00 children from all pan of the term. ® 
determine the mtcnilty and dbtribuaon of malaria, found only 2'5 per ft*- 
to hare enlarged rplc^ and nnce tbcac few could aO be traced « 
re c ently come from hlgbly malarkna area* Jcnelton wa* accepted *s a hcahiy 
loahty with no malanal trannmndcD. Arm only a few mile* a*ay bers^ti* 
were foiii>d to be highly malanooi with spleen rate* of 60 per cent and mat 
Next, a larval m aura non wa* earned om in the town. Thli 
very few anopheles, and seem ed to be in keeping with the abwnee of raalam. 

After rh", bowevex the laml survey was coa tln ued mto tbe hlO* I*had 
the town, an area whieii had never been eumloed fanfoit- Heie, rirpnmj^ 
well wnhin strikiBg dlmnce of tbe town, were found about fifteen rireaini.«Il 
breeding anopheles, among which A rruKulalut occurred in 
numbers. Thb fed to moA rpeculanan as to whT A msevUtvs »hou» * 
p res en t In doae p rctr h nlry to a town with no malaria tranunWcc Tbitt 
possible exphtnitions presented tbemsehres 

I That tbe breeding may have been abooTmal, sIkc the mney »® 
carried out foHowmg a drought. 

2. That the hUH arid jungle may ha\e connfauted a bamer to d* 
flight of the moiqinta 

3 That A mscvlMtia might be of little Import a nce a* a vecter 
It wa* DOC poadble at the tune to mvcsngatc thew possIbUrtie' a* h wa* 
sary to p rocro l up country Ejster hoaerer h wa posubfc to fit the 
finding* of jessehen into th stDl more peculiar pscnire of inalarb In o* 
In tenor 

i BE hvuitMz or TAuatntur 

Tambunan VaDcy b an elevmted pilain in tbe mterioi of North Btnnrt, 
lymg at an aldmde of »o*ne UOOO feet It b about 25 toOe* from the ^ 
but separated tbtiefrom by a 6J000-fom mountain range. Tbe plant see* 
mtV* loDg, varying frosn a quarter ro 2 mtUf bread n weU-watered ^ 
rivers, mountain stream* and imgatton channel*, and turrouoded by 
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jungle-covered hills, which nse abruptly from its 'margin and climb to summits 
of 5,000 and 6,000 feet Paddy cultivauon, primiuve and irregular, pracncally 
covers the plam, and herds of buffalo graze over the remammg land The 
climate here is equable, temperature is moderate, and ramfall not too great, 
with an ill-defined wet and dry season It is an isolated region, and maccessible 
to wheeled traffic, but relatively populous, inhabited by some 6,000 people 
The population is fairly static, and there is very little export and import, 
although some movement takes place from the plam mto the neighbourmg 
areas, and to supply estate labour near the coast The houses, primitive and 
built of bamboo, are collected into scattered villages, and distnbuted over the 
plam and into the hill ravines 

Amongst the people of Tambunan, malaria was said to be intense, 
alcoholism nfe, and standards of hvmg low This area, therefore, with its 
malana and its static population, presented itself as suitable for malaria 
research 

Here, the first step was to confirm the presence of malana This was not 
difficult Every report from dispensary dressers, and by any visitmg medical 
man_, referred to the mtense malana m Tambunan The survey by Dr Shircore 
showed many villages with a spleen rate of 100 per cent , and a rapid and 
random exarmnauon of a few villages for spleens and parasites, soon confirmed 
the same thing In this highly malanous area, therefore, work was begun 

Extensive Preliminary Larval Survey 
A prehmmary exammanon of possible breeding places of mosqmtoes, 
revealed the presence of an enormous number and variety of anopheles breed- 
mg places distnbuted widely over the whole plam Pools, streams, swamps, 
seepages, paddy fields, irrigation channels, and buffalo wallows — all presented 
a ^oice of breeding places, while even the hoof pnnts of cattle, and the wide- 
spread hoUow bamboo fences, bred mosquitoes m numbers The entire jilam, 
m fact, seemed to be one vast anopheles breeding place 

There appeared to be, therefore, every reason why the area should be 
subject to very mtense malana, and the problem seemed to be rather how to 
control it, than how to explain it This however, was not altogether the case, 
as It was very soon discovered that it was by no means easy to explain malana 
transmission here ^ 

Intensive Routine Monthly Surveys 
The next step apart from preliminary majxmakmg and organization, was 
to determme what species of anopheles were acmally present, with, if possible, 
some assessment of the relative importance of each This was done by taking 
an expenmental area of about a square mile, which included paddy fields and 
imgation channels, streams, swamps, pools, seepages, buffalo wallows, water- 
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filled bttmbo<r<, tod witrr4og^ boof pnnti. Tbeie were ihnatcd m nro 
vrlUga, m open country tndin jungle, to thtt ociy pottlWe Ttnery oibreJ 
hig ^cc mlgbt be extmmed* The tit* w** cartf utly mrrtyed fot die bfer djn 
o£ anopbelea Ume, tod rtcoed* wtit kept of the type of bitedreg pfaa ft^ 
f err e d ^ each ipeoe*, Thla aunty wm repeated crery month for 14 iraib 
keeping cartful record* of the biccduig habits, m the belief that, abeo ife 
\ectOT spe r^t were mcnmuiated h nu^t be possible to hare full infonaroo) 
regardhig their habit*, and an effectiTt »tr*tegT might be arailiblc for t cte- 
paign against them. 

It w*» found that mo*t of the tpc ae s of anopheles present ere vwr 
fairidKios m their choice of breeding places. Certara spcoei «lened c»i 
ooni srhkfa acre ihunned by others, preferring to die rather thin to he oeii- 
peDed to bre e d in coodioon* other than thcjr preference. 

It wai found that twclrc rpedes of anopheles were breeding four of thee 
in abundance, »rid the remammg eight mote rarely In the following nomirf' 
and pr opo nl ottt out of a tooJ carch of ortr 44,000 — 


Total Pa- ant 
13,107 - 57 
7,301 - 17 
0.147 - 14 
44E4 - It 
307 - 1 
79-0 


Breens or Ahotrius 
i mfhr i u trh 
A MWEXo. 

A. mreriuho Tbeo~ 

A pWVfEMnEr LodL 
A. fcpi wf Oernes) 

As hm lmm tit w ScricU. & Qmd. 

A. br i -m fi i jnt Dte 
A. n-Dstfmrt Thee 
A. Tames 

As mxhmi imfmlenu Pori 
A (fldwt.) 

A. riiMta/ (rar nor ) 

The problem ww to determine which of these were rectors, and ahkfa 
harmless moaqnhoes- 


Flgorts lost dnmf 
Ja ysu ese w.oj 'p sn on. 
twt sD kia thim 0 1 
per esnt. 


Suspea d Specta — It wai tsmned that the ftm »pedeA which should I* 
tuspeaed as veaors ihoold be those which were found to be the raeu widely 
tratUng and those which bad been piuied to be dangcnni' chewhere. F®" 
iha rcasoQ constderadon wt* giren cfatefly to the first four of tbt* list. n»^ 
qmtoc* wblch were not only found in numbers m Tambunan, bat which had 
■11 been found to be rectors of malaria In other places. 

The most commoo anopheles m Tambunan — A brrhnalns — h a rector 
both to the cast and to the west of Borneo in Celebes and in put* of Mihts 
Bcmg found m such large number* m Tambunan. breeding b pooi* and paddy 
fields OTtr the enore plain. It had to be under gnat ru'piaon. A koefa found 
breedbg genciallT b dbty water oo the plain, b a \ector b parts of Samstra. 
and required to be coondered The paddy-field breeder A fJubppatenmSs h • 
▼eaor of malaria b parts of India, a^ breedbg m cnormoc* numbers toward 
the end of the irrigiDon seatoQ b Tambunan was under consldciablc su*picii*L 
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A maculatus, although not in great numbers, 'was found breedmg typically 
in hiU seepages and streams in cleared ravmes, and on account of its evil 
reputation m other parts of Borneo, and its dangerous nature m Malaya, was 
naturally under the greatest suspiaon 

Each of the remaming eight anopheles numbered less than 1 per cent , 
and none was undei any suspicion in Tambuiian, nor, as far as could be ascer- 
tamed then, in any other part of the world, and could not therefore be very 
seriously suspected 

Intensity and Disttubution ot Tambunan Malaria 
A study was next made of the intensity and distribution of malaria in 
Tambunan A survey was carried out m twenty-five villages and m a representa- 
tive area starting m the centre of the plain among the rice fields, working to the 
jungle-covered hills at the penphery, and up into the inhabited ravines This 
included spleen and parasite examinations in some 1,200 children As a result 
a peculiar and interesting situaton was found 

It was found that villages m the middle of the plain, m the nee fields, and 
therefore m the simation of the most intense anopheles breedmg, were rela- 
uvely healthy, with spleen rates of only about 20 per cent , but that malana 
steadily increased on approachmg the surroundmg hills, until m the hills and 
in hill ravmes it was 100 per cent , although there was far less anopheles 
breeding there There appeared to be no appreciable seasonal vanation in 
malaria throughout the year 

This was taken as evidence that A maculatus, bemg a hiU breeding 
mosquito, was the vector of malaria It had to be admitted, however, that it 
pointed equally to the other hill breedmg species A kanvan, A leucosphyrus, 
and A aitkem m its four varieties, as possible vectors These were all found 
only in very small numbers m Tambunan, and were not under great suspicion, 
as they were believed to be harmless m Malaya It was also evidence that 
A barhirastns, A kocln, and A phihppmensts, bemg plain, breeders, were of 
little significance, as they were all found m greatest numbers where malana 
was slight 

This was. m excellent illustration of the fact that water is by no means 
neccssanly dangerous m malana, that, m fact, the vast areas of water covenng 
the plain, the paddy fields and irrigation channels, pools, streams, seepages, 
buffalo wallows, wells and swamps, were at least relatively harmless, whereas 
the much smaller areas of w ater in the hills, the seepages, springs, and rapidly 
flowing streams generally too swift for breeding, were for some reason more 
dangerous 

Thus, It was accepted as a rule, that the healthiest Milages were those 
farthest from the hills, and the most malanous were those m the hiljs 

Exceptions ^To this apparent rule there was one peculiar exception, for 
which no explanation could for long be found To the north-west of Tam- 



M2 TU. TIUKlVrMCOK OF MUAJtU TX BOAXID 

btinun PUin that w*j a n Ifte tyjdcal except that It wai more open than 
moat- In iha niTUie there were two viUagea-— Smutmin and Tantalob— anl 
m accordance with the role h wa» catimat^ that they wnold both he highly 
malaHenu, prohahly with a apleen rate of 100 percent. An enmmarioo found 
that Tantaiob had. In f»a a tpieen rate of 100 per cent., but an examaudoD 
of Sunsunm, Icm than a mite away and within R^t of It, yielded. niipniiQgVy 
a iplccn rate of only 15 per cmt. 

Scrcnl attempt* were made to explain thia. It wa* atrumed that probably 
there acre fewer moai^uitoes m Soofurtm but it wa* ioon clear that there were 
actually mote mowmjioet breeding there than In the malarku* Tillage*. It 
was tha tsaumed that probably there were fewer A maevtetus thig in other 
riTinc** but a turrey showed that there was, in fact, more A mactiUruj breed 
mg. and that recent ckanng had encouraged this rather than otherwise. 

A scardi of the rc c o i di showed that. 10 yesui before, this rfflage had had 
a high tpieen rate of S5 per cent What had caused the rcamt fall In malana, 
although wnh a rrw m A truKrvlatnt it wa difficult to see Funber turreyt 
m the Twinlty of Sonsurun only deepened the njy»ery for the rDlage waa 
fottod to be hi dose pr ox linlcy to deared rarincs of a type which in Malaya 
which would be conpdered rery dangertmi and the ra Inc* were m fact bre^ 
Ing A. macuhdur ht coariderahte niirobcn, te the rery door* of the houses. 

Thu aoomsly was a con rant diaJlengc to c ortse r r a rtT c thinking boe 
ultimately it prored the Ley to the problem of maUm In Tambunan and, b 
fact, throagb^ at lea t a Urge part f Boiueu. 

AmxT Motijvrrota. 

Although vaioable infornunoo may toroetiinc* be obtained in this 
way from the crldencc of Urral brecdini;. ihb b only Indirect eridence, 
and cannot be accepted as prooL The only absolute proof that a spedes 
u respooslble for transmimsg malana is by the hsdmg, co d imcri on. 
of a pfo pordo o of adult RwxjUitoet infected with nularu parasites. Adult 
mosquitoes were, therefore, sought for dn^ecoon, and it was proposed to 
dtsicct at kart 100 and If powlble SOO of ercry spedes In the locality 

Here, toes a pttxzling tiroaiKm presented itself because scarcbci for mos- 
quitoes failed to Dod any and the nab et dedared that there were none. 

Horn* S^trehes — la Aftwa, India. Malaya, and in fact m mo»t ccRintricT 
m the tioptci, nambers of anopbeks can gencjiUy be captured wttUng on the 
waHi itwde hoosei daring the evening In Tambunan. herwerer no anopheks 
were erer teen other during the day or m the coune of the ertnlng Careful 
searches in erery posaible type of btarw m nan c huta. bungalows, cow-shedt, 
hohoutes, and chewhere in erery Lind of shuanon by day and night, aided 
by the dotorbaiuT of the furniture and Tpraying with Fht on IiieraDy 
hundreds of occanoev yielded not a sln^ mosquho dther rating or attempt 
mg to feed and the nanra cTen m the most malanotB Tillages were mshtent 
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TA^3UNA^I Plain Spleen Rates, 1939-40 

Showing distnbution of villages, healthy on the plain and malanoua m the hills , and the 
one important exception to the rule Sunsurun 



Spleen Rates 0-25% Q 


25 - 50 O 


Spleen Rates 50 - 75 % 9 

75- 100 • 


c 
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thit they were not hirtcn by rooaquhoci tbere- Dr SHDtcoHi found the — rTti« 
thing during hl» wmey in 1936. Dimng leTcnil month a^ndoom and ikflhil 
taurh. he taw only ooe anopbelei In a nari e hut. 

The plcnirt pretented itvlf therefore, of an tnten'cly maUnoci area, 
with wldoprctd bieedlog of anophelc*. bat with apparently no adult moaquitoa 
to account for the trannnWoo of the dhease. Comct^uently u wai diffimlt 
to eaplala bow malaria trvnmuaakta waa being maintained and it wai Impco- 
fibie to carry out any dlatecriona. 

Humm Bmi Trtpptng — in other parts of the world a human bah trap 
may be a aluable meatu of capturing mmquhocs Thh rooamt ctaentbBy 
of an Inner net to proteer the operator who acts as bert. and a larger outer 
net proTvled whh an opening which can be rapidlT dovd for capturing 
anopnelei whkh are attempting to feed. It b ofico n^ed in Malaya a^ else 
where, and to obtalh dhaeakto material in Tambunan therefore luth a trap 
was made and operated In a ranety of tJttationa m healthy tillages and In 
the mou hlg^y malarioin in empty houses and in houvs full of people in 
booses with ca»e» of malaru aod where chfldren had died of the disease* in 
the middle of \illagea, and m solitary huts aod open serandahi It wa 
op e r a ted erery hour all through the cugbt from sunset to sunnse on hundred 
of nigbu. during etery seatoa and m erery eariery of limadco 

The remits were aucobblng In contrail to other ceuntriea, pracdcaQy 
ru m opheles were eser seen. On most nigfau nothing was tales wharerer 
during the entire rught On an average only cave anopheles was talten during 
every 15 boon of work. On an atenge tnly one A wt^raUtus was taken 
every 3 weeks after more than 200 hours ( wotV In ccic group ef highW 
malarious Tillages for example with spleen rares of 100 per cent, all night 
trapping, every night, for sureen night lesulrcd onlr m the rapture of ooe 
haimlets ano^dveles. Such a pauoty of maimal made tfisscctions an hnpos- 
sibiUrT It was calculated that to obtain the desired 500 dasectioos of 
A m^cvUiuf it wuuhl require an artnidant to operate the trap hourly all 
through the night, from dusk to dawn. 7 dap a week for 25 yean. 

The trap was arcfuJly O iec k cd with recording alarm clock, nmnuig com- 
mentary hy the operator periodical vlsn and occasional personal operarioo. 
and thm wa do doubt about the lehaHliry of the rtsuhx CocnpoilM whb 
the operation of a ihnUar nap In Malap showed that no error lay In the 
tcdvQsque. 

The roost common speocs taken, though that only rarely was the pooi- 
breedmg A koeh gcneiallT of Grtle Imponance, but a ector m some countries 
next wa A. kvccipfijn s which m Mabp h welcomed rather than otherwise 
stnee it B not cojy coersblcred harmless, but it prt ren c e ndlcatcs the absener 
of A Present abo aixl darmg the paddr >c*«on by far the most 

coramoo sras A pWipptnemii. 
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Thus the results o£ human bait trapping did not yield any convincing 
c\ idence, and an analysis o£ the figures simply deepened the mystery More 
anopheles uere taken, as a rule in healthy villages than in unhealthy, although 
still in astonishingly small numbers More A mnculattis were taken in healthy 
villages than in the most malarious There uas no indication of a seasonal 
increase over the course of 2 years’ trapping, and no information of any 
t alue seemed to accrue from the different situations of the trap 

A re\ie\\ of the first year’s uork left one with the impression of an area of 
intense malaria, in parts with spleen rates of 100 per cent , and widespread 
anopheles breeding, but without the adult anopheles to account for it 

Suspicion sull rested on A maetdatus, although it was difficult to under- 
stand how Its apparent scarcity could maintain malaria at such an intensity 
Suspicion also rested as a result of human bait trapping on A kocJii and 
A phdippincnsis, although their distribution was against this To lie logical 
suspicion had also to rest upon A Icticosphyrit'; although this, taken in such 
minute numbers — only one c\er)' three or four nights, found breeding also in 
very minute numbers and believed to be harmless elsewhere, could not 
senously be considered to be carrying malaria and maintaining it at 100 per 
cent Dissections, however, continued to be carried out on cv'cry anopheles 
taken and always with negative results 

Adult RestiugPlaccs — It was clear that, if mosquitoes were breeding 
widely, they must exist as adults somewhere, and therefore they must feed and 
rest Since they did not appear to rest in the houses, nor in such cattle sheds 
and henhouses as existed it was assumed, therefore, that they must be resting 
m the jungle or elsewhere outside Consequently, to obtain further specimens 
for dissection, and to discover where the mosquitoes rested, search was made 
out of doors, and it was found that, by beating bushes in jungle and along 
the banks of streams resung mosquitoes might be started into flight, and if 
followed carefully they might be captured settling in the grass This provided 
considerable dissection material, until it was found that mosquitoes captured 
in this way were nearly all 4 kodit or A philippiucu'w;, and when 500 of each 
of these had been dissected with no positive results the search was abandoned, 
as not vv orth further time spent on it 

Animal Bait Trapping — ^The question then arose of where the anopheles, 
breeding m such enormous numbers, were feeding There were large numbers 
of buffaloes on Tambunan Plain, more than one for every inhabitant, in addi- 
tion to cows, ponies, pigs, and other animals, and it was suspected that these 
might be providing the blood meals for the adult mosquitoes Searches were 
therefore, carried out, by tethering animals and searching these at night with 
a torch, for feeding anopheles 

This also led at first to disappointment, as only one or two anopheles were 
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foimd danng ■cienl creninp •canb. In the ccOTiirticio, hewer ct that the 
mcaqukocs foond breeding mutt abo be feeding, it was determined to aatcb 
the anhnah all night long, oxinantly fitan uxtdown to ctmrbc and this led 
to the du co r ef y that about dtuh, cnonnout numhm of anopheles appeared, to 
feed on pooles and bnSaloet. They fed tridly for qtrite a short rime after 
suDdorm, and In an hour or so had practkaQy all diiappieared. 

Thn explained where most of the moaqtihoet fed, ctd why the prcTwas 
animal obserratlQOt, made at night, had faili^l It also provided mu^ more 
material for (hssectku. but h did not nrpiain in any way the transmUoD of 
malaria frotn man to man 

Chaertums — By this rnne. therefore Ancpfitles kochi and /L pfaitppot- 
emts, by prorklmg adequate negadre dbseccoos, were cxoociated from 
(nsplaoQ as rectors. D f^ edom of other speda, how cvci also continued to be 
negadre. and when 1,500 mosqattoes. obtained with great effort ortr the coarse 
of nearly 2 years, bad all hro disaeord wlrboat penrdve molt, hope began 
to yield to dcipur All the conrcndonal methods, and many oncoD cnikxial 
ones, had faded to dheorer the rraor rooiqirito. or eten to soggert the 
aolorkn to the problao. House sesuchlog and hornaa bait crapplDg had 
p rored osekas. Anhnil bait trapping and jnogle searching, althou^ at fim 
pmoiifing, yKlded no poddre rrndt. and the probksn of the Idadty ai>d 
habita of liU rector inoaqaito renuuocd. One was compelled to coslder the 
pesaibHity of Tanihuiun maUiia heisg earned m some nourul way for 
example by a jtmgie-feedmg anophclrs or potdbly not by as aoophelet at aH 

CouriKUOM os KcMd a>3> Axuul Bait TaAmvo. 

At this poem, the tesulcs of past work were considered, not only by them- 
selres but In reladon to each other aod t wu found that, whereas the molts 
of bttman hah trapping sod of annnal bait trapping did not, by thcmielm, 
yield any information, a companion of the two yielded tnfonnadcsi whxh 
was of the highest raloc and which led ulnmaidy to the soloDoa of this 
cunous problem, and to the maimnuooo of the rector 

A smdy of 1300 anopbeles capmml while they were In seaitdi of a 
bkod meal, mdicatrd the foDowiog pteferaxes of caA species for man and 
animals — 

Homus Akual 
Ptt OXT PlB CIXT 
A imU i 97 

A 6 94 

A Ui hk *tt T U . 10 90 

A ■iwslif IS SS 

A jkrwwH 17 83 

A. ItueH p bxr at 39 13 

Total 6 »5 
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It was found, firstly, that practically all the species of anopheles present 
showed a much greater preference for animal hlood than for human hlood, 
and could not, therefore, he of anv importance m regard to human malaria 
It was found, with some surprise, that A mactilatus, hitherto regarded 
as under greatest suspicion, had an mterest m human hlood m only about 
15 per cent, of cases, the remaining 85 per cent, seekmg then blood meal on 
animals 

Further, the equally remarkable fact was discovered that of aU the anopheles 
present, only one had a preference for human blood, and that this was 
A leucosphyrus, hitherto disregarded, and considered to be the most harm- 
less of all msects m Malaya This mosqmto showed a preference for human 
blood m no less than 88 per cent of dissections 

The few preapitm tests earned out completely confirmed this findmg, 
all A leucosphyrus captured bemg engorged with human blood, and all other 
speaes, mcludmg A mactilatus, ivith animal blood, although unfortunately 
It was not possible to ohtam suffiaent numbers to make conclusive senes 
Thus, the impression arose that the previously unregarded A leuco- 
sphyrus nught prove to be the vector, and that the suspected A maculatus, 
together with all the other mosqmtoes hreedmg m the locahty, might be 
harmless 


The Evtoence Regarding A leucosphyrus 

With this information, the whole work was reviewed It was noted that 
A leucosphyrus is a purely jungle mosqmto, and that if it were a vector, and 
A maculatus harmless, it would explam a number of anomahes It would 
explam why Jesselton was healthy It would explam why the centre of 
Tambunan Plam was heidthy It would explam why the hills of Tambunan 
were m^anous, and it would explam the anomaly of the village of Sunsurun, 
cleared of jungle and healthy m spite of the increased hreedmg of 
A maculatus 

Agamst the acceptance of A leucosphyrus as a probable vector, however, 
was Its mnocent reputation m Malaya, and, above all, its apparently great 
ranty m the locahty In the hum^m bait trap, only one was taken, on an 
average, about every three whole mghts of operation, and none captured m 
this way^ had ever been found infected Moreover, of 44,000 larvae taken m 
the locahty, only seventy-three were A leucosphyrus Durmg most months of 
the year it was never found hreedmg at all, and it had never been found con- 
sistently m a jiennanent hreedmg place. 

With the mformanon gamed, however, a thorough search was made of 
the hterature, and here the evidence was rather encouragmg It was 
foimd, firstly, that although generally regarded as harmless, A leucosphyrus 
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bid bees recorded u under tupKiaQ, altbou^ oa todJrea erldcsct, end 
togetber mtb icrenl other ipedo. u a Ttaor of rotlana In at Jean four 
places in Bomea Finally h r,aj found that one A lencaipAynu had ttxoally 
hem found Infeaed on the cart coast of Dutch Borneo aftm a dacotuiglng 
aeardi for iDoaqmttScs, bv CofXAJiao (19J4), and that In an Island ofi the 
»omh<»M of Dutch Borneo no lets than a er e n of the same spedea had been 
fcwiid infected by Sroct* (1®^)- 

Thus, the endcncc for A inicospfijrnj as a rector became mon ger 
altboogh its reputatioci, eikI especially hs apparently extreme rarity 
made u difficult to regard h eery aeriously 


The iTcannjtATioM or tbi Vtcroa. 

With thn infomuQon a drire aas made to capture more A Imcotphjrni 
for disaecnocL Hum in halt rripping aas punned rigOTously m spite of its 
poor remmt. Hou*< examlrudona were renCTrtd traps rrere expcThnented 
with and possible oatutal rctiing-pUcea of anopheles were sought for S ea rches 
were made at aigho on the bachs of ponie\ baffaloes pigi, and sroaD bews. 
Payment an offered to the namra for any anopheles capnired tod a price 
wa offered for the frm mfected specnn«L 
It was this that finiTly rewarded the search nith suc ces a. The deanesde 
Raff, hartag been epcou ca g ed to u<e and-malaml ptecaurion* for themseira 
and their htmiliet, began bringing in anopheles taxm in defeerirt mosquito 
nett m spite of the preriocn protest that thexe acre no mosquitoes. Some 
times thCT would bring m ten or fifteen In a morning, and these ail pimed 
to be if leitccsphyna thm irrongly supporting surpraoo. 

It was from thn source lu April 1941 after more than 2 years teaicfa for 
rTK>w]ttlroes, and after more than IJOO negatir e d Hs ccrioos, that the first 
mfected speaineii — an A leucusphyrus — wa< found, pr os m g thb specks to 
be a Tcctor 

Following thb, the search was continued, and out of ntariy 800 dwwc 
rkms oo A laKo%phv^ obtained in thb way twenty-fire specimeni were 
found infmed, ahiJe all other ipedes. indudhig A mmrulMtus, remained coo- 
duently neganre Podthe di*sectKius were carried out not only m Tambcnan, 
but in two other localises in North Borneo thus ihcrfringthat h was not Innlttd 
to Tambunan Plain. 

Thus, A Uuctnphxrus which m hlalara b cooddered to be one of the 
most harmless of imeat, war prored to be the rector and almost certainly 
the only ector of malaria m Tambunan while A m^cuUtui for long 
reginled as the chkf rector in Borneo, was fcamd to hare hnle if any rdaticsi 
TO the disease in the locanty 
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Tliu:c arc sumnnrt7cd ns follows — 


1 Irueotpli^Tui 

7til 25 pobitwc I-' 3 1 per cent 

A philippincniit 

5(i7 nllncpatwc 

A 1 ochi 

541 

A barbirostrii 

521 

A macuinlut 

177 

A haman 

102 

A litoralit 

31 

A tfntUatut 

12 

A barbiimbrotiit 

3 


Total 


2,715 



Exf>UnMltim of AnomMSej — ^Tbc djwmy of A Uueosphyrus ti tbe 
cmlj \caor In Tunbuntn crptiined all the diBiailue» that had amen wnh 
the aa^uxnptkn that A mamiafiu wai tbe rector A IrxKosphyrm b a pordy 
jtrogle bteojer demanding deme ihadc. m coonatt to A mmcvUttn whkh 
dcmandi nmllghc aod that A intcoiphrrus waa the \cctor m Tambunan, 
explained the prodiar dmrihmloQ of malana which wai lean m the paddy 
5ckb and greaten m the hJllt. It thowed that the hlDs were maianooa. not 
bccaiHC they were hlH but becauae they woe jungle-etwered. It explained 
why Suoaurttn htghW malariou* 10 yean pi^ooaly when under deoM 
pingle waa now healthy when jun^ had been ckaird aJihoogh A macwlatw 
ha been enoniiaged and it explained why Jeaieltoa wa healthy m iphe ef 
tbe pre a cpce of beary A m^cnlaiut bnedmg In cuntrait to ita junglc-roT ei cd 
cnTirrma which were highly malanoua. 

Thz An*AaixT ScAarnT or A Imcosphyrus 

With the dUctrvery of A Uw:osph\nis aa tbe rraor of malana in 
Tambunan, another problein preiented hadf. A teitcwphjnis appeared to 
be a rety rtie nKMcpnto both in the laml axtd aduU ao nrc. in fact, 

a to be ea<Qy mia^ m an ordinary turrcy It waa a mcaquito which had 
iKTtr been feuod reulne either by day or nlghL UoIHe other moaqmtoei, 
It wi raiely found feeding on intmali, It was m the boman bait tnp ooty 
ooce Cray 36 hour* of woAt I hare nem acen a cngle apedmen of A 
immphrrut at Uberry flymg, feeding or retting and the nan e* wen equally 
empharic that they were not mttcd by thb or any other moaqidta 

The apparent absence of all anojdicle^ freon the bouact wu explained 
my largely by the feeding of raon aoophelet on cattle but thb did n« 
explain the ibaence of A leueoaphyfHj which did not often to feed. 

Again. In extend c larral nmeya only one A Jevcoiphjna wa* found 
b cmy 5JXX) li nac taken, and donng moat month* of the year It w»j 
oe^e^ found at alL It i* no <U«par«gcmeni of the work nf Dr Sitracoax or 
of other prr^kHi* obrnren. to tar that in tkiHed and a^tidnou* kjiiJics 
they nner cren recorded d ZmeorpAyn/* a* prcteni In the locality It 
appeared to be an area nf in f eme malaria, but in whkfa the only rector Kemcd 
to be pr ea cpi m toch indgnlficant nambeT* a* to be mcapablc of mainrammg 
malaria fianunmion at alL 

It feemed dear that foe Mcae pccoUar reatoc this mosquito wai being 
mi**ed both in the larral and adult *tagca, and 'tarcbe* were therefore 
directed to the sohnion of thi p ro b l tm 

Tlw Huilicnet* of A tmeo pAyraj Larrae. — Rm icarch was made for 
A JmcfMphrna breeding Since « wa foond to be a ptnely Jongb 
breeder ahhough searche* had been Tirtnally oegathe for nearly 2 year*, 
renewed tu r rcy * were made In the aiea prcr l omly lelected for rtwtbe larral 
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surveys, but with greater thoroughness, and confining attention to the jungle 
The previous breeding places were again examined, searches were made m 
rock pools, tree holes, water-filled leaves, rapidly flowing streams and other 
unhkely places > 

Finally, these havmg all proved negative, the jungle itself was felled, 
and It was this that finally exposed the breedmg places Under dense jungle 
shade, so dense that access was often difficult or impossible without clearing 
vegetation, m htde seepages right up at the sources of hill streams, breedmg 
places were discovered which for 2 years had been overlooked 

It was found that breedmg bad been missed for two reasons Firstly, it 
had been missed because the work had been too conservative Larval surveys 
had been made on conventional lines found to be successful m other countries 
Searches had been made particularly for A maciilatus, and had been too 
unenterpnsmg to mclude the denser jungle as important Secondly, 
A leticosphyrus was found to be a very shy larva It was discovered that it 
not only readily hid m the sediment at the bottom of the dipper, but that it 
remamed submerged for a very long rime, much longer than was the case 
with other species It was often timed to remam submerged for more than 
5 mmutes, and it seemed clear that water had often been rejected from a 
dipper which might, in fact, have contamed A leucosphyrus 

Thus, the rule was made that A leucosphyrus could not be claimed as 
absent from an area unless jungle had been cleared nght to the sources of 
streams, and unless the dipper had been observed for at least 5 mmutes 
after dippmg 

When this was reahzed, it was discovered that, far from bemg a rare 
mosquito, it was m fact quite a common one Breedmg was found m no 
less than ISO permanent breedmg places m this area which had previously 
been regarded as negative durmg twenty-four careful routine monthly surveys 
Although qmte widespread, however, once the type of breedmg place was 
understood it was found to be easily recogmzable, as this insect was found 
breedmg almost exclusively m clear spring water in tiny seepages at ilie 
sources of streams or along a hillfoot, and always, under complete shade. T* 
was concluded, therefore, that the great number and variety of other hreedmr 
places m the locality, streams, swamps, paddy fields and imgation — sr- . 

pools, puddles, and the innumerable other collections of water, "i emnrrmifsi 
although breedmg anopheles freely 

The Elusiveness of A leucosphyrus Adults — It remamet 
where the adult A leucosphyrus fed and rested, and ■ r "s: 
so rare It appeared to be completely absent from -tijrrtruur ~ ^nnmrcado^ 

by conventional methods and in the opinion vl sue. alw v'''* 

completely so m ex-penence with the human m was VVn ^ " 
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fa tht houKs, ba»cTtT «u pnntd by the fact that It r»Vcn in fair 
mnnbei*, engcngeJ md napjed In defeat e mcaqmto neti m the eaily 
morning 

How It TIM feeding was only dHcot ni ed by the tedious method of ntting 
Dp »U tdgbt ind tenuDy watdifag foe fadiTidnal mosqultoer usd It li to the 
a^it of the itiff that they dW fa Ua undertake this mcceMfully For foor 
nights nothing wtarcrer »i seen dormg 12 honrs obserruiocu hot on 
the fifth night h was «een that seseral mosquitoes — all A /rvcospliynts — 
entered the booae long after mldnlj^t. fed cm their sJeepfag Ticthns, then 
after a short rest fled quickly away to their tmtUscoreied hiding-piaccs, pre- 
tinnably fa the jungle long before dawn. 

Why thu mosquito came out on some nights and not on othen was 
nescr dneorered hut this lile feeding fa the early hours of rooming long 
after people were a leep, eTplahied any It wm ne er seen, and why it was 
apparently absent from areas where k sras rtspoodhle for mttose malaria. 
Further It snu seen that, when aetrchfag for a blood meal. If A Uuctnphjnu 
entered a human bah trap, rnilike ofaer anopheles It did not wah long 
enough to get caught. This ezpUfaed its rebore rarity fa the nap. It was 
ohaemd to be p r e s en t and feemng on sleeping names fa houses where the 
human bait nap wm being operated miMicemfuIly 

Thu this daogerau moaqaito although appanndy rare and ahoost 
afaexit wa fa fact quite common, and wa being idIm^ because of ki 
eluhe breeding under dense and often impenetnbW jungle, and oC its feeding 
fa the early hour» when cieryone sra ad^ and no* nrtfag cm the sraTb for 
any length of tune 

The Importance of ri leucotphyrm fa Borneo. — ^Tambunan district 
represents a relatnely small part of Borneo, and the findings of one locality 
cannot be appTied without qur»oon throughout the whole of the khmd, so 
that further work wa nccesaary to define ks hnportance chewbcTe. 

Podnre dl*wctkjtts were earned oot in two other places m the Interior 
of North Borneo, P unita o and Apfa Apm. finding rurural fafccrion ndkes 
of 8 per cent, and 20 per cent rc<pecd eW so that thi mowjulto Is a reaor 
dwwhere than fa the immediate ricfaity of Tambonan Plain- On the coast 
of North Borneo a m the fateiloT the came lector was sujigefled by finding 
that malaria was intcrrse fa pm^e-coiered airat. and that it wa slight or 
afaent fa cleared areas. Here also. A Irtuo$phrrus wa the only mosquito 
foimd with a p i c f ei e nce for human blood. whTe A msculstus had a prefer 
ence for animal blood. 

On the ea t c oa s t the same thing was found Although not actually 
faenmmated. the ob*eTTarK*i of local medKal men uggrued th importance 
of A leucosphyms and the danger of jungic (Cabuix. 1941 etc,). 

As a psraUcl to rhew obreiTation* a wodr of the litenmre yielded a 
number of fmportant faci< which it k planned t puMkh m fuD later If 
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■was found that, m spite of its elusJVe habits, A leticosphyrus had been 
recorded in more localities m Borneo than any other mosqmto, bemg referred 
to by more than a score of observers, and found m every locality so far 
exammed It appeared to he distributed throughout the whole of Borneo, 
wherever there was jungle shade Again it was found to have been suspected 
as a vector of malaria on epidemiological grounds m at least five places in 
Borneo, and actually mcnminated, as already stated, in one place in Dutch 
Borneo, and m an island off the south-east of Dutch Borneo, as well as in the 
three places exammed dunng the work described in North Borneo 

This species appears to he distributed throughout the jungle which is 
almost universal m Borneo, and has been either suspected or incriminated m 
the north, east, south west, and m the very centre of the island Further, 
an analysis of the available figures shows that A leucdsphyrus has exhibited 
the highest index of natural infection of any anopheles so far studied by 
dissection in Borneo, and to have been consistently infected wherever it has 
been so studied 

Thus, m spite of its elusiveness, and of its innocent reputation m Malaya 
and elsewhere, A leucosphyrus has proved to be the most widely distributed, 
the most frequently suspected, the most frequently mcnminated, and the 
most highly infected mosquito so far studied m Borneo, and therefore to be 
probably the most dangerous insect throughout the island 

In contrast to this, 212 dissecuons of A maculatus — all that could he 
obtained throughout Borneo — have proved to be negative, and this, together 
with the indirect evidence of its preference for ammal blood, its absence 
from many malanous areas, and the absence of malana from many areas 
where it breeds freely, supports the belief that this mosquito, for long 
regarded as the chief vector of malaria in Borneo, is actually harmless 
throughout the island 

The Importance of Varieties — During this work superficial observations 
suggested the existence of at least two types of A leucosphyrus, differmg m 
their habits, and, therefore, probably m their relation to malaria and it would 
appear of importance to make a further study of this 

The Importance to Other Countries of These Findings 

The fact that A leucosphyrus was the only vector of malaria m Tam- 
bunan, and that this was such an elusive insect, made it difficult to find anv 
answer to the question of malaria transmission there What would have 
been the result of the work had another vector, for example, A minimus, 
been present m the locality, is quite ccrtam There is not a shadow of doubt 
that A minimus would have been mcnminated, and A leucosphyrus would 
have been missed 

To what extent, therefore is this occumng elsewhere ? To what extent 
IS A leucosphyrus carrying malana where A minimus, or A maculatus, or 
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•ome other moaqaito, b bnimg all the blame, and where cootrol mcamra 
are conacquemljr inadequate or uu^^Htipriate? 

A lea^ of the lif ^nit e ihowt not ool^ that A. Itximsphjnu haa been 
inahrdnattd tei other place*, and )ta infecnoii genenllr regarded aj aotoe 
thmg of s cunoaitj bert that whemrr u ha freen JmecUd irj gJeipnU 
numben u ha thrtys bern found tnfected, 

A Isucotphyrvt b a wldetprtad rao»qulto, being dirafljiitEd almoat nght 
am» Aala. It a often ao diSkult to &id that It b trasonable to t o ppoae 
it to be more widespread than the record* therw To what extent It b of 
Importance through^ the East, and to srhat extent Its importance has been 
oToloolted, remams to be deiermhied by further work, Ceykn, for example 
rtam>« that It u a harmWt mosquito, bat the cskfcnce for tha rests Upon a 
record of only four negatbe dbaecdoDa orer the coune of many yean. 
Malaya daim* it to be a barmlot mosquito bat cnly one dbeecrkn. br 
Ho oeu x (19J4) appears to hare been r ec o r d ed A itucosphyrus b eoo- 
aldcred to be a harmkas hrsect m India, but no daeectlcins can be tra ce d, with 
the e xcept ion of a series by Claxc and Cno u u m i a T (1^1) m Aanm where 
it was prored to be postdre. 

It b tuggerted that if dbsecrioRt arc more sriddy carried out — not ahrayi 
an eajry matrer on ac coun t of the difficohy of obtaining material cm where 
it abound*-— h may prove to be a dangtroui Tcctor in tjta* where h ba* 
n ei B been nap e ct ed and h may be fooM that iIk occadceal iamminatkn* 
of the Inaeo tnroughout Ada are not nch c m kwi ifc s a* has bees rnppeaed. 
More diawirdijaj are necessary throog^oot it* tange. and thb may denaud a 
new tedmique for the capture of eo^ an ehairt maect. 

Matjtau OoNTiux. 

The aim of malatii research b prectkal malaru c on tr o l, and these db- 
coT cn es are of no value unlen applied to an efiredre campaign against the 
With the Incrimtnarioa « A lewospAvnu as a veaor m Tambunan, 
therefore it remained to be d bco s ei e d what methoda of cootrol were most 
nkdy to be effective there, and to do tbb two thing* were re qu ired. It needed, 
firstly to be proved whether A Itmcotphyrus cwtrol acnially resoltcd in 
nudaria c on t r ol, and, secondly It n eeded to he ahown what were the mo« 
effective and economical method of permanently accoraplbhlng this. 

Malarial Control by A UueoMphyrm CootroL — Firstly in order to prove 
whether A levcmpkr^ contrd retoha In malana cootnA, a locality was 
aek eted vnth a tpleni rate of 100 per ccol and where the spleen rate bad 
been maintalDed at thb figure for at taut 3 years. It lay in a beaTfly 
Jungied valley assocuted with about fifteen atreami and over 150 A Uuco- 
tphyna breedmg place*. Thb r ep i es eund probably the most difficult area to 
control in the district, and was selected partly for this reason — in order to 
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make a convmcmg expenment— and partly because of the consistently high 
spleen rate, so that any reduction might not he attnbuted to chance 

The breedmg places were carefully defined and mapped, and then dusted 
weekly, by hand, ivith pans green, avoidmg the breedmg places of other 
speaes It was hoped that this, by temporarily abohshmg the breedmg 
would be reflected m a reduction of malana m the villages 

For some weeks it was fairly effective, m that breeding was dimmished, 
although not abolished After some time, however, heavy rams drenched 
the ]ungle, washmg away the pans green, and it was soon clear that breedmg 
was no longer controlled Thus, this experiment failed It could not be ^ 
expected to influence the degree of malaria m such a short tune, and it proved 
that dustmg with pans green is likely to be unsuitable as a means of malaria 
control where A leucosphyrus is a vector 

Practical A leucosphyrus Control — Concurrently with this expenment in 
malana control, parallel expenments were also bemg earned out to determine 
the most effective economical methods of A leucosphyrus control 

Throughout the greater part of Borneo, espeaaUy m the mtensely 
malanous areas, anti malana measures on conventional Imes are out of the 
question for economic reasons Oilmg, dusting with pans green, dramage 
and drug therapy, for example, are quite impracticable m vast isolated areas 
inhabited only by a few thousand primitive people hvmg m the utmost 
poverty, even if these measures are effective The only hope for malana 
control IS such a land lies in the discovery of some simple method of con- 
trolhng the one dangerous species of mosquito, a method which is cheap, 
permanent and practicable under exi'tmg conditions, and which if possible 
■mil go hand m hand with some agncultural or other acDruty of the people 

The most hopeful way of accomplishing this appeared to he in the 
discovery of some means of naturalistic control 

Naturalistic Control of A leucosphyrus — It was noted that A leuco- 
sphyrus m Tambunan always bred in clear spring water, with an acid reaction, 
pH 6 0 to 6 4, in the presence of dead leaves, m seepages, under dense jungle 
shade, and was never found in any other situation This suggested that 
breeding might be controlled by changing any of these conditions, by admit- 
tmg sunlight, by abolishing the dead leaves, by changing the reaction of the 
water or by pollutmg it, and it seemed obvious that all these might be accom- 
plished by the simple clearance of jungle for a short distance around the 
breeding place, and cultivating it or admittmg cattle, and an expenment 
was undertaken to investigate this 

Three apparently identical seepages were selected, each breeding 
A leucosphyrus consistently The first of these was cleared, and the vegeta- 
tion was left lying on the ground, the second was cleared and then burned 
and the third was left alone as a control 



Tn TBunM MIX or vu^iui ix kkx q 

Duappolatingljr the fim teepage coodnuetj to breed without intmopdoei. 
*t>d ww rtOl breeding 3 rooniht Uter altbou^ tonie other tpeoei had 
also become ertabli^hed. The aetocd a e ep agc deared Ksae time hter aod 
buroed Immedutciy ceavd to breed A /ewTupAyrru tod began to breed other 
tpceiei. The third ieepagc coortnoed to breed aithout bttcrruptkei, proring 
that the remit* In the controlled r e tpage a acre iktt doe for example to 
weather condifwo*. 

Thoj li wa^ fugjcfted that the iiKict effccthe method of controllhig 
Uvcos^TfTis nugfat be the dearmg and bomhig of jungle for x my ibctt 
dfnance aroaod the dangeroui breeding pUcrr and alth the fafltrrc of the 
paih green u a means of experimental control, it wat decided to applg thU 
method of deansg to the attempted control of malaria. 

Malaria Control by Nararalmlc A iencoJphTrm Control. — ^Tbt ome 
locahty was a el cacd at before, tod 3 months vere (pent hi actanpruig to 
dear all the ae epage i aiihln half a mik of the malarioos Tillages, and in 
making obteintkrQs on the most effeenre way* of uixienakiog this. It was 
fottod that coraplete deaxiag aod bummg, for quite a short ducance around 
dangerous seepages, gnjeratly for about 30 feet rwulted m erery case m the 
jmtofdate dhappearatiee of A Ifvcwfihmj bree d ing alrbongb ihl* brwdiog 
ten d e d to return ahb the growing op again of jangle. 

Even better thaa Ou* hoaeier u was found ihat only partial deansg 
for quire a (ben ndtus, with the admi<aloB of rank to grare, remilred also 
m the imroedutc coortol of A /narotpATTW — a cemtreJ ahkh was acctler 
ated by the pdlunon of the aater by the cattle and since the cattle grazed 
down the yoong shoots, the control was appartniJy permanrat, Transfonniag 
the prenocslT maccetdbie puitle-cosered soil mto tori. 

It was shown that these dearmgv being moi t sbdtertd, with good toil. 
Here sdeal situaoocs for cula anoo. and ciea — although prtriouily deadly — 
for housing tiles, aisd that the creation of grassr lanes for grazing and accew 
to the jungle, following the course of stream ax' a shnjJc means of control, 
aod a ben^t to the oattres. 

Unfortunately th« work »a Interrupted, vihen only half compicted, 
by the oecupatioQ of the coimtry by the Japanese troops it was not poss i ble 
to expect any redtterkm of the nialana with toefa widefpread breeding stOI m 
p ro gress. Thus the experirncot failed a a dononxiTarKn of actual mahria 
control. It succeeded however m adequately demonsmtlnj the su cce s s of 
the method at a means of immediaif efferti c. and apparently parnaoent 
A ifurorpAyna control 

Other Evuienee of hfaUna Contnt by Uni Method. — Alihoogb thb 
experiment failed, owing to ks omKontpletwo, to control malaria there fa a 
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considerable weight of evidence throughout Borneo that jungle clearance in 
this island, unlike Malaya and many other countries, results in malaria 
control 

For example, all towais, being cleared of jungle, appear to be healthy in 
strong contrast to their highly malarious jungle-covered environs which pro- 
vide the cases of malana Cultivated areas, like Tambunan Plain vmh its 
paddy fields, are healthy, although they may be malanous if close to jungle 
Sunsurun, in the hills of Tambunan, had a spleen rate of 80 per cent in 1930 
when still under jungle, which was reduced to 25 per cent in 1940, however, 
witli the extension of jungle clearance On the coast, the northern Chinese 
Settlement, Jesselton, provided a great many cases of malana and many 
deaths when it was first established 20 years previously, but in 1939, 
with the abolition of jungle and its replacement w'lth rubber, it had no 
malana and a negligible spleen rate of 0 5 per cent It w as stated by Webster 
(1941) that Min, although previouslv ver)' malarious, became quite healthy 
when extensively cleared of jungle about 1924, with only sporadic cases since, 
until 1940 There are other evidences of the disappearance of malaria with 
jungle clearance m Borneo, and no evidence Ins yet been found to the 
contrary 

Thus It w'ould appear that in Borneo jungle clearance results m malaria 
control 

T/ie Importance of fungle Clearance — In most other countries, malana 
control is carried out by measures which cost money, and which m themselves 
contribute nothing further to the prosperity of the land Whether such 
measures, for example for the control of 4 maculatns, could have been 
applied to such a primitive rural population as is found in Tambunan, and 
with the small financial resources av'ailable is howev'er, very doubtful and 
before the discovery of A leucosphyrtts as the vector, the possibility of 
effective control seemed very remote indeed 

With the discovery of A leticosphyriis as the vector in Tambunan 
however, control of malaria presents itself not only as a possibility, but as an 
activity which is cheap, easy, effective and permanent able to be earned out 
by the natures themselves, if directed, in the course of their daily work, and 
above all, an activity in keeping with the agricultural and economic developi- 
ment of the country Thus the simple methods described, of localized 
jungle clearance, should result in benefit not only to the health, but to the 
wealth, of the people of Borneo 


Summary 

A maculatus has for long been regarded as the chief v'ector of malaria 
in Borneo As a result of the work desenbed, however, this mosquito has been 
shown to have little and probably no importance as a vector there 
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A UmcQSfJtyna on the other tund. gtnerallj' regarded u a more or Icm 
haxmlctt Inject, hat been thown to be the mott dangeron* rector In North 
Bonjco and on the ermmg erUence, piobaHy throughout the greater part 
of the hTand, 

Tbtt u hnportant bccatae nwrawnrt nhich cootjot the one nuy cstcouiagc 
the other Thus mcattirei dtrected against A msevUius where A 
sphyrvs u the vector may not only be Ineffecore, but mar Ipfr eawr the 
dltniie they are Imendcd to eluntiute. 

A Uv^phynis was found to be a my dud e insect, avoiding dbemcry 
and tncniiiiQaaon for ne ail y 2 years until dannurrated by le** cm- 
Tc uJ oail methodt. 

Thh moaqmto clnded teartb as a larva becanac u bred under dfrw jungle 
which often restored to be cleared for its exporuTc, and because It mniiDcd 
fubmerged for abnonoally long It eluded search as an adult because U fed 
lo the early hours of tnomliig when Its rkthm were asleep, and because h 
dsd zsot rest In the houscL 

It It CQcddered that had some more eaiDy dlscmend vector been presem, 
A leucotphynu would cmsinly hare been miased. It is s u gge sad that, 
doce the mosquito is so elutire. n may be of srider distribution and gttarer 
TiTulence tod importance m ocher couotnes than has hitherto been ni^wsed. 
It B ponited out that, in sptte of its fauseerDt repuQOon In many coui^met, 
w faererer h has been examtoed to adequate numbers it has always p Hi r ed to be 
a Teetor 

Ezpmasaital metsum for the control of A Imextsphirus showed that 
this moaqoItQ mav be eaaQy and permanently abolr<hed and by metsoret 
which are in keeping with igncultural and hidimrUl derelopmcnt of the 
larsd. 

It li hoped to pubQsh i faO account of thb worlt as a toIoitk later 
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IjOECTA (HIXAPODa). 

BErmA. 

(a) OmiOMUPHA. 

So fir aa h ha been teated |»mmottnc abow* a rcry bgh detree of actinty 
atauwt the lame a wcD a the adnlti of tha anbordi? 

CnOKiNCatiivu:. In vUn teating againat the aquatic lame of CtluoiJtt 
■aientjoiai -fdlh ofaaemtwnt made after 24 boun of contmtuna contact ihcnrcd 
a ddunoD of 1 m SffOdpX) of tamooexane to be effectire. 

SaruLnuAi:. 1m ntro terung agalmt tbe larvae of Smulutm app. with 
expoaure to the Inaee ti a de for I hour foUowed bjr a change of water showed 
cotDpfcte inomfitj (after 24 boun) with gamnwaane at 1 in 8,000,000 
and almost complete roorulity arith DDT at I in 4,000 000 30 per cent, 

aumved DDT at 1 in 6000,000 and 50 per cent at I in 8,000,000 ^inst 
tbe adults of tbeae famlliea and both aduha and larrae of the /V n a t^dar 
(Pil/ioto«au) DO data are araQablc. 

CuUCTDAP. Tbe to^iaty of b e ruene bcxichlande to both the larrae and 
the adoha of Cuftodae Is of a annilar order to that of DDT A paper on thk 
aspect ts at present in tbe preaa (Ra&atvm) and fonber fidd tnab are m progresa 
abroad 

(b) CTCLOmUfHA (UtWatJAI CAiTPratATAT) 

From the erideace (Tillable to date lammerarie sbosn a high degree 
of BctiTTty agtmK the adoha of Uda suborder bot niher leas aedritj and m 
aome cases {G^ttnpiabu sod HypoJfftu) cimaidenbly leas acLnmy against tbe 
Lame as compared with tbe ortborTbapbota diplera. 

SlmscM. Agauist the bouse dy go^ rcsiduAl activity ts obtained by treat 
mg strategic points— laodlsg pUces and roosts such as dcctnc bulba and shades 
and tops and bottoms of window panea, etc. LVhb 0 35 per cent solution in 
keroaenc, tbe effect Lasts for at least 4 weeks. On the larvae good resuHa bare 
been claimed by oae of a dost cootainuig 05 per cent gsmmexane wben applied 
to refuse heaps and other breeding placca. 

Stomtcx^ Against the stable Sy resadna] activity bating up to 3 weeks 
was obtained by a deposit on stable waOa ap p ro xima ting 40 tng per square fooc 
fto daU are andable concemhig the larr^ 

Hippobo sanje . 

Mrhpiu^ ertxMS (sheep ked). Rcaidoa] actJmy persists for more than 3 
in long-wooled sheep treated wdb aOdXM pe cent (1 m 25,000) diludoo. 
Keds appear to bare been era£cated from one imaU Bock treated with this 
dflotiocu DDTwasuaedmccesshdlyat 0*1 per cent, by Cemmand SMTTtt 
(IWS) and 0-5 per cent by IIzaTK (I91S) 
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ARACHNIDA 


Acarina 


Mesostigmata Astigmata Heterostiomata Prostigmata Vermiformla 

(Sarcoptoidea) (Tarsonemidae) (Trombidudae) (Demodicidae) 

Genera ' 

Notoedres — 1 /lO.OOO Acarapu 

single application 
C7ionopter\ Promising 
Sarcopta f results 
Psoropta — No data 


ArgasIDAE 
(Soft neks) 

Genera Argeu Genera 

Ormthodonu 
160 mg /sq foot twice 
at 3 weeks eradicates 
— Fockino (1040) 


IXODroAE Gamasidae 

(Hard ticks) | 

Boophdut (0 008% Dermon^ssus 1/2,600 

mhibits laymg — spraj — almost com- 

Whitnaix) plete eradication 

Rhtptcephalui 
Ixodes, etc. 


1 

CUTITERIBRINAE 

Gastrophilinae 

1 


1 

Htpodermatinae 

Oestrinae 

j 

Gastrophlia 


Hypoderma 

OestTvs 

Dermatobia 

(Horse bots) 


CVVarbles) 

(Nasal bots) 


Larvae — relativ el> 


Larvae — incomplete 

No data 


ineffectn e 


effect at 1 m 100 

Adults — no data 
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Tndtodfcttj eexu ind LtMognttita utnsv were crtcCaited from doj* 
bJiiied ooce In dtlotkiiu of 1 bi 20000 and •omedmea ertn higher ddutiom. 
DDT at 1 in 10000 failed to eruficatc T t mj t u 

Cbinafcreffl cohmt** In the pigeon w*a killed bj 0-01 per cent dip, 

HnnmBUk (Buga). 

Against reduvild bags tmh are m pro|;rtss In South America, bat against 
C mx leettUnMs Basxts (1045) found that there was 100 per cent Idll bj direct 
spray of 0-0004 mg per aq cm. compared with 91 per cent km with DDT 
It 0-004 mg per aq cm. Under the conditlona oi the experiment the reaidiul 
icnrity of DDT perakted longer than that of gammexnne. Bottcti (1946) 
has shown that the median lethal concentnticm of gtmmcxaiw to 
Cmex Urtulama is 0d)15 per cent compared with 0-5 per cent for DDT 
when uaed at a duR. Tnab in infeated property show that practnU control 
of bed bugs can be ciKained and re-mfestation almost completely prerented 
by the use of gammerane aa a 0-35 per cent solnnon. 

AWkOWto^. 

WBcanoaiATA. 

Argtndae (soft ocki) 

Only rather geoerai mformation ta available that rt u actire agimat Arjtx 
prmcv (fowl nek) but agaoeat Onathodaru (human tsek, Africa) 

Hoexoro (1946) found that spnylng the aeil In barrack bun twice at an mterral 
of 3 weeks cradictted the whQst DDT reduced the tick popuiadoo but 
ana not so effectire at the nme dQutian. Hocxnro mentiooa the dQnDon of 
666 aa being 1,250 mg per sq foot which b eqtnralcnt to about 150 mg 
of the y tsomer per square foot Pre au nnbly DI^ was uaed at 1,250 mg 
per squa^ foot or eight tunes the concentration of gtmmntnc 

Ixodidae (hard tides). 

Little exact infortn«wn is avaibble, but Whttnaij. (onpuWahed Infer 
nanofi) reports that In laboratory expenmenta 0-006 per cent gimmeianc 
in crot^on was eompletdy eflccdi m mhibrtmg the egg laying of Boop-bhix 
dteolormtms Similar aednty was abowo by 0-32 per cent. Aa,0 (as sodimn 
traemte in water) and 4 per cent DDT emultion. Ault (1948) working with 
Boafialxi awRraiu m South America, f nnd that cuher all 700 coocca 
tration of the y isomer alone cr 1 8000 cooceniratioo In addiuon to a pbin 
araenkal dip with 0-2 per cent Aa^ gives ccropl« control of the UcL 

AJirCMATS (SAaCOPTOnXA) 

Tatlcw (1945) Oie first to demonstrate the acancidal actirTty of 
pmmexatw (using Stloedm aoww) and ta anpenonty >n tHi respect to DDT 
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Tndtodeet€S cam and LimofnathMs stians were eradicated from dofi 
bitbed OQce in dSonona of 1 in 20,000 and tomttnnta evtxi higher ddudota, 
DDT at 1 m 10 000 failed to eratficate T 

Cofnaheofa cohaAat m the pigeon rm kiUed by OOl pci cent. dip. 

Honpm^ (Buga). 

Agaiiut reduvnd bugt tnalt art m progreaa In South America, bnt tgalmt 
CtMtM Uettdanms BAjcm found that there was lOO per cent, kill by direct 
apray of 00004 mg per aq cm. compared with 91 per cent klD with DDT 
at 0004 mg per aq cm. Under the coodiQona of the e^jenment the retidml 
BCdnty of DDT peraated longer than that of gammexane. Butrun (1946) 
hai abown that the aedlao lethal concentration of gammexane tn 
Ctwttx Uchtlanus h (H)1S per cent compared with 05 per cent foe DDT 
when toed u a duct Tnala in infeated property ahow that practical control 
of bed bagi can be obtained and rc infcatatioo almcat completdj prer en ted 
by the uae of gimmexane ai a 035 per cent aolimcm. 

AjtAatKIDA. 

MzaasnokUTa. 

Argudae (aoft odu) 

Only rather genenl informatlim la araSable that s b aetm agunat Arjax 
ptrseut (fowl tick) but agamtt OnatMoAna mtmiata (human tick, Ah4ca) 
KocKCtO (19^) fouad that cpnjing the aoil m barrack hut* twice at an Inteml 
of 3 wceki eradicated the uck, wbDat DDT reduced the tick populatioo but 
waa not to effectire at the aame dHuooti. HocXDta mentiona the dOotioQ of 
** 090 as being 1,250 mg per sq foot vtuefa ts cqinraJent to about 150 mg. 
of the y nomer per square fooc Preaumably DI>T wia used at 1,250 mg 
per squa^ foot or aght dniei the concentration of gammezaae. 

IiLodidte (hard ticks) 

Lmle exact informalion b available, but Wbitnau, (unpobhsbed infot 
mition) rep ort s ihst m laboratory expemDentj 0^X)S per cent, gaoimerane 
in emulsiQn was completely effccUve in inhibiting the egg laying of Boo^kiho 
denhratMS Sunilsr acUnty was shown by 032 per cent. As,0 (as sodium 
aracnite in water) and -4 per cent. DDT emobioa. Ault (1946) working with 
Baopiuha asstraSs m South America, found that either a 1 1 700 concen* 
tra^on of the y isomer alone or \ 8^000 coccentratioQ m addilioci to a plain 
arsenical dip with 0-2 per cent. As,0 ghee complete control of tbc tick. 

AtneuATA (aAacorroiiiiAX 

Tatlox (1945) was the first to demonstrate the acenddal aedrity of 
gimrocxane (uaing AWordrai wtaru) and ita nipcrionty m this res p ect to DDT 
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and other commonly used acancides Taylor used 0 1 per cent gammc\ane 
in liquid paraffin and used ttvo applications It has since been discovered 
in these laboratones that against Notoedres viuns it is effective by single 
immersion for half a minute in dilutions up to 0 01 per cent 

Single spray treatment of chonoptic leg mange m horses and neck and 
rump mange m cattle ha's resulted m destruction of most of the acan and great 
climcal improvement with dilutions up to 1 m 40,000 DDT at 1 in 10,000 
did not kill the majonty of Chonoptes boms 

Exact data on Sarcoptes spp are not available though some favourable 
results have been obtained vath this deep living species Clinical recovery Of 
affected pigs has followed single application of gammexane at 1 in 2,000 

Following a report by Elmes (1945) that DDT at 5 per cent m acetone 
was effective agamst notoednc ear mange in rabbits, Taylor reported fatal 
toxic symptoms with this concentration and subsequently ICirby (1945) stated 
that 5 per cent “666” (= ? 06 per cent y) was innocuous when applied 
eighteen times m 3 weeks to ears, pan-s, nose and tail of rats 

Gamasidae 

Demtanyssus (red mite) m poultry houses has been strongly reduced by 
single spraymg with gammexane at 1 in 5,000 but not completely eliminated 
Almost complete ehnunation has followed the use of 1 m 2,500 

PovAR (1946) found 10 per cent DDT incompletely effective agamst 
Ltponysstis sylvianim (northern feather mite) and less effective than nicotine 
He quotes a U S D A report that DDT was ineffective for the control of the 
poultry mite {Bermanyssus galhnae) 
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US MOftQlfTOca AXD kTUBtUL tOT 

L — IwTWJoocnccf 

Tbc tpny kflliog of nKHqmtoe* in booto forms i major fmuio of routint 
anu-culsns m cAsur es undertiken in the TaioruE tret of the Gold Coast 
Detailt of the orgstanHon em{)loycd tnd the results obtahsed from the r e p ea ted 
i»e of nrioos msectiadet prior to 1M4 hare been described by Edo«t (1W4). 
As sooo ts SQpplies of DDT bectmo arxilible ItimIm were undertaken with s 
Tiev to tscatnning whether the reperiore tpnylnf procedures used prenootly 
could, with tdrintige, bo repltced by rcndoal DDT spriying methods. 

TL — PntniousT Twali. 

(I) O^Klr 

In the first insttnee tnsb of t prefimmary nature only were attempted 
ance ^ preniEng dry season onufitioru bsid left relsbrely few mosquitoes 
anoUble whkh to measure resolti. The man purpose of these tiiais wts 
to afford experience ts to the best practlcil spnying pnxtd ur es to be sdopted 
under k>ctl oonditiOBt. They were designed also to proride Untathft answers 
to the following qaesdoos — 

(1) Whether a 1 per ceac tolodoa of DDT in kertaene would desnon- 
strtte reridcal insecdadal effects agaiQst botseriafesritig mosquitoes under 
local coefoaos. 

(h) The penod of tiinc orer which effects tc hi CYc d by a tpedfie 
doatge of DDT ought be expected to perrist without aubstinrfal loss of 
cfficifflcy 

(bi) The extent to which a marked rariation in the dotage of DDT 
per square foot of spiayed surface would modify the period of cAdent 
pcralstence. 

(it) 'Hie rebtire merits as a residual DDT spraying apparatus of two 
standard types of sprsyer 


( 2 ) LoaUum. 

Tike ate ch<‘»*<‘o for the first three trials was a bousmg estate (Adiembra) 
which offered two inqiortant advantages firstly it was serred already by 
cxpcnenced spny penonnd farm bar srith the in^vlduaj compounds and 
known to thdr tenants secondly the cniuained rooms were identical in erery 
res p e c t and faofitatcd therefore the use of ahemate coenpounds as control 
units. A (fiaadrantsfc common to all the local ntes at the time, wts thst 
the routine employment of coffiprebeanre larvlddal coutrol measures tupplo' 
roented the dry season cotuficfoos already mentioned in haiiting the numbers 
of bouscHnfcsting roosqmtoes araiiable. 
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(3) Spraying Procedure 

Two spraying teams, each compnsing one recorder, one senu-hterate 
headman and rane labourers, were employed Imtially, the ceiling and/or walls 
each room in alternate compounck were given a residual spraying mth a 
1 per cent solution of DDT in kerosene This solution was prepared by 
diluting quanuties of a 20 per cent Dt)T hqmd concentrate with ordinary 
commeraal kerosene in the proportions of mneteen parts of kerosene to one 
part of concentrate Thereafter, at either once-weekly or twice-weekly intervals, 
both the compounds onginally treated with DDT and the alternate compounds 
used as controls were uniformly check-sprayed with a pyrethrum-kerosene 
solution The latter was prepared by adding half a pound of dry pyrethrum 
to each gallon of commercial kerosene and effecting a double extraction over 
a period of 48 hours 

The procedure adopted for these check-spraying rounds was that a team 
of fi^e labourers under the headman, having first searched for and collected 
any dead mosquitoes in the rooms, then sprayed two rooms at a time Two 
sprayers worked inside and one outside each room simultaneously, the last- 
mentioned being employed to create a bamer zone of insecticide over the 
previously closed window and door apertures After a 15-imnute interval the 
two sprayed rooms were entered by the remainmg four labourers Two 
labourers swept each room undei^ the supervision of the recorder, all dead and 
stupefied mosquitoes being collected and counted. In conformance with 
routine expenence, full co-operation was obtamed from the general public 
but complete spraying of every compound proved impracticable owing to a 
number of rooms remaimng locked in the absence at work of the}r respective 
tenants 


(4) Details of Trial I 

The zone selected for this particular tnal contained a total of 930 rooms 
arranged in groups of approximately sixty rooms each and housed an average 
total of 2,620 persons Each room measured 12 ft by 10 ft by 8 ft 9 m high 
^inng a combined ceiling and wall area of 505 sq ft All rooms contamed a 
ceiling and were equipped ivith two louvred windows, each measunng 3 ft 
Sin bj 2 ft 8 in , and also one w ell-fitting door The internal ivall surfaces 
had been plastered to a smooth fimsh and hmcwiashed 

A 1 per cent DDT solution was applied with “ Four Oaks ” knapsack 
spniers of cxtemal-pump tjqie fitted with a single nozzle ha\ing a 3/32 in 
opening Their 3|- gallon capacity containers were only partially filled to a\oid 
spilling and care was taken generally to minimize the nsk of possible toxic 
effects resulting from excessne skin and clothing contact with the insectiade 
The dosage cmplojed aimed at just completely moistemng the surface of both 
walls and ceiling An aicrage of 13 8 fluid ounces of insectiade was used 
per 100 sq ft of surface, i e , 69 5 fluid ounces per room, gl^^ng a calculated 
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depont 3S 5 mg DDT per *<j. ft. For the check roundi m arertfe per 
room of 1 8 fluid cmicea of pjTcthnutt-kenjaene wi* ipri yed from cootmuoia 
flit gun types of docoextic hand pomp. 

Tbcimnal retuh* obttuied are giTEnin Fig 1 and Table L They den«o- 
itrate a prolonged relitiFe abacnce of rooaqmtoea m the DDT’d rooma. It 
will be noted that, whilat the actual nombera of moaquitoea collected rflnnnrt>w>j 
tteadily presumably becauae of the eUmliiation of natural breetfing pbca aj 
the dry acaaon len^ened, moaquitoes mre nerer wholly absent and the kUk 



m the control rooms remained throogboot proportionately greater *hjn the 
Villa jn the DDT'd roonta. 

In Fig 2 it abown a DDT mdex graph recor di ng, at a decunal fricnoo 
for each check round, the actual proportion of DDFd room moaquito collec- 
aotis to control room collections. It indicatca a gradnaj reduedon of the high 
Inifral drspanfy between the mosquito popuUnona m the DDT*d and control 
room groupa but demunatritea that a aubstantud degree of DDT effiacocy 
perauted for at lost 2 nioncha from the onginai date of tpraying 

(5) Drtcdf o/ Trul // 

For Trial II, a xone waa chosen c oropnal ng 103 rooms arranged in identical 
blocka of four and boutmg an arert|^ toad of 2^ persoos. Each room measured 
14 ft biy 12 ft by 10 ft 3 in. thus ginog a total wall area cf 533 sq ft AH 
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Fw 3. Tavcnuoi Axu — DDT Thau I II and IIL 
Graph of DDT index tmaU. 



rooms coDttmed t ccfliDg *nd were wjujpped with two louTTed window*, acb 
rocarorinx 3 fL 9 In. by 2 ft. 8 in, tad «Jso two well Ettmg door*. 

A 1 per cent. DDT *01011011 di»pei»ed from Four Oaki knapeci 
sprayer* ** described for Trial 1 w*» txain employed. Since bow c T cr the 
prmciptl ol^cct of thii tnal w» to Mcertain to citeit a subiUAtuHr 

reduced dou^^ would dlmuHth the period of cflSdcnt perristcnce the <flrcct 
spraymg of «*^iinp was omhted altogether and no tuenpt was made to moisten 
the entire wiD aorfacea. Instead, they were gnitn ■ liberal scattering of fine 
droplets the greater number being concentrated on aerfons of wall other 
acreened behind open doora or ao remote from window* a* to be capeaaJly 
bkeiy to attract nisqaltoca In aearch of a reatinj place. The ody droplet* 
deposited on the coling* were those recared indirectly from the process of 
tpraymg adjacent wall tops. An irerage of 4 2 ftuid ounces of the insecticide 
were used per 100 *q ft. of snrfsce •prayed, i.e 22-4 flnid ounce* per rooi^ 
pmng a caJcolatcd depodt of 11*9 rog DDT jjer sq. ft. The consumption of 
pymhnnn-keroseiw for the check round* arer a ged 2 5 flmd ounce* per room. 

Tb# roulu obtained are thown in Table II and F g 3 . They democstrale 




Table II 

TAKORADt AREA MOSQUITOES COLLECTED IN DDT TRUL NO 11 
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VO»<|CTTOa AXD KSIPTU. DDT 


Fra 9 Tahmuh Anj% — DDT T»iau II and IIL 
Goph of maaqukoca coOfctcd. 



t relftm absence of moaqurtocs to tire DD'Td ro cma but for t maefa ibocter 
penckd and vitb much leaa cEapantj than waa the caae for Trill L It will be 
noted that m the low (kraage en^deyed DDT became reladrely loefBdeat after 
the third ehech roond, a penod o( 11 daj> from the date of midil apnyinf. 
Complete parity with the coofrot result was reached m a total of 38 dfjt< 
Fig 2 emblea the DDT Index graph to he compared with that for Trial I, 
the feapec Q Te nxn>da being picitted on eqtdralent time bteml btsea. The 
companson emphafixea the rapid loas of effidency and the mugh reduced 
petkKl of pemcteoce Ekely to ensue from uimg the tmallcc dosage of inaecddde. 

(8) DtUHs of Tnml III 

TTic object of Trial III was to ascenain whether more effiacnt remits 
could be obtained by substitutnig the Four Oaks hlmey sp ra yer for the 
knapsack sprayer Accordmgiy Trial II was repeated osutg encdy the same 
rooms and dtsperamg the came dosage but from hlaney type s pra yer i of I pent 
cipaaty and fitted with standard strai^t nozzlca haring a 3/^ m. opening 

The results obtained are tbown In Table III and Fig 3. Much the came 
degree of tfispanty and penod of peraratence it demonstrated as for Trial H 
m the early stages. Later mosquito aombcrt collected ahowed consldeTible 
floctuntioa — probably on acco unt of the earlier dry setsoo cocdidons hanof 
begun to gire place to occasional rain periods by thu time. As plotted together 
in F'g 2 the rcspectiTe DDT index graphs confirm that using equal dosage* 
of nsecQade the two type* of sprairer produce almost Identical standard* of 
effiacncy up to near parity lereL 



TAhORADI AREA MOSQUITOES COLIECTED IN DDT TRIAL NO III 
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From tlie pncttol •tsctdpouit, h im cm ti>e Mtaey tpraycr rctjulrfd ■ 
nmch ledger time than the kniptack to tpiay ■ given dotage and u more fatignlog 
to me. Iti tffiaHer cipadtj too, introduces more frequent fiHmg dehja. In 
the abseoce of any compeosatory enhancement of effiaency these (Stadnntiget 
make the htaney apparatus much less amtahle than the knapsack sp r ay er for 
Itrge-acale work. 


m — Maw T*ut« Not. I\ a-nd \ 

(1) TWAL IT (amjwa) 

(\) AmSpr^'fd. The forcfotng prcGnuoary tTub bad been undertaken In 
an Qihamxed portion of the Takoradl area. Here, mosquito numben -were 
restricted by the routine appOcatioD of Umadai control measures. Tni] fV 
am introduced at an attempt to teat DDT under btekvtrd semi rural conditions. 
It Tis conducted in a Tillage (Apowa) shed a distance of 4 mUea from tbe neir es t 
ntmt of the Takoradl malaria control area. Apem a total of 925 rooms mre 
found to » /-r-nmfTvwt«te an sTcrage of 1 911 peraona. T>anng the dry 
uncontroUed mosquito breeding was obaemd regnlariy in a number of water 
botes on tbe TiUage outikina. As the wet season developed these eoQectiotis 
of atagRint water became tbe focal points of nndrsioed marahj areai. Tbe two 
TTwifi streets of tbit ronghlj circQlar village an placed at ngbi anglea to ooe 
another and aerve to dinde It mto four approximate equal qmdraniA. Opposite 
pun of quadrants were used at control and DDT*d sections respeedr^ so 
at to enture that tbe infestation rate in each would be falrlj evtTL 

(h) Spnytxg ProadMTt The technique foQcrwed was identical wrth that 
describ^ tmng knapaack tprtyert as m Trial H excepting that tbe dotage 
employed was interme£ste to tboae for Trials I and II being 7*05 ounces cf 
1 per cent DDT solution per 100 sq ft, of sprayed surface giving a r»tral«tfd 
depoait of 19-75 mg. DDT per aq, ft. Cbcd spray rounds were effected at 
re^AT weekly interrals And tbe mam revolts obtained are tbovn in Table IV 
and Fig 4 

(ifi) Rtsdtnil EffKtx m Matqvio Imfnimtw^ It will be obaerved tbit, 
despite its gradual increase over the expcrunental poiod, the DDT index factor 
had not quite sttained to its imtul lei%l at the end of 9 montbi. Under tbe 
control conditions desenbed «s prevailing throughout the trial the DDT treat 
roent would s eem to have been solely responsible for tbe prolonged tbough 
fteadily diniinishing reUtire absence of mosquito^ in tbe DDT"d sectKics of 
tbe Tiliage. 

As regardi poaitiTe finefings. Table H records tbe presence of mimbers 
of dead jrwaquitoea in tbe DDT'd rooms prior to each of the first ten c hec k 
rounds thU fiuhng despite the daOy man cJeansuig undertaken by tbe 
avenge occupant «nH m contcarfistmctloQ to tbe complete absence of any dead 
moaqintoa in the control roocts prior to check spraying It seems dear that 
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Fig 4 Takoradi Area (Apowa)— DDT Trial IV 
Graph of mosquitoes collected and DDT index trends 



Fig 5 Takoradi Area (Apowa) DDT Trial D’' 

Graph of mosquitoes collected m DDT’d rooms before and after check spraying 



during the lO-week period involved sustained lethal effects were being obtained 
between check rounds in the DDT’d rooms though not in the control rooms 
Table V and Fig 5 indicate that, quantitatively, these pre-check spray collec- 
tions reflected fairly closely the fluctuations in total mosquifo prevalence as 
j.evealed by the collections made after check spraying 
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(iv) Entomology Fig 6 and Table VI record both the anophehne, cuhcine 
proportions and an anophehne speaes differentiation of all mosquitoes collected 
throughout the tnal penod The predominance of Anopheles gambtae, the 
principal local vector of malaria, \vill be noted All other anophehnes identified 
were recorded as of a second vector species, A funestus, excepting for the 
appearance of A obscums in the collections on very rare occasions Cuhcines 
identified from time to time by Staff Sergt' F R P Lemmon, R A M C , who 
ably supervised also the trained Afncan workers responsible for routine identi- 
fication of the anophehne collections, were Aedes simpsoni, Aed domesUciis 
Aed longipalpts, Uranotaema aiinulata, Culex thalasstus, C duttom, C nebulostis, 
C tignpes and Aed aegyptt, the four last named in substantial numbers 


Fig 6 Takoradi Area (Apowa) — DDT Tmal FV 
Identification of mosqmtoes collected 
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(2) TRIAL V (takoradi TOWNSHIP) 

(i) Area Sprayed From the results of the precedmg trials it was con- 
cluded that DDT residual spraying would prove as efficacious in the Takoradi 
area as had been claimed for it elsewhere Further, that a single apphcation 
of the relatively economical 1 per cent solution in a dosage approximating to 
20 mg DDT per sq ft. would suffice to give reasonably efficient lethal results 
over a penod of 2 months or more Accordmgly, arrangements were made to 
discontinue the routine twice-weekly spraying with pyrethrum-kerosene solution 
of native dwelhngs in the Takoradi township and neighbounng village areas 
in favour of residual DDT treatment In addition, DDT spraying was extended 
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to a limited number of \illages and isolated Afncan quarters sited wthin U 
miles of the totvnship and likely therefore to harbour mosquitoes capable of 
infiltraung on occasion into the controlled area 

(ii) Spraying Procedure Knapsack sprayers and the technique desenbed 
for Tnal II were again employed but the 1 per cent DDT solution was prepared 
by dissolving 60 per cent strength DDT powder in ordinaiy commercial 
kerosene, 6 2/3 lb of the powder being added to each 40 gallons of kerosene 
The mixing took place in drums of 44 gallon capaaty At first the dry powder 
was added to the kerosene direct, the mixing drum being placed in the sun 
for 2 whole days and its content subjected to agitauon by pcnodic rolling of 
the drum over a distance of 20 yards Later, it became the practice to melt 
the powder by heating it m a metal pan o\cr a small wood fire immediately 
before adding it to the kerosene Care was taken to remove all coarse suspended 
matter from the insecticide before using it m the sprayers Passage through 
the ivire gauze strainer placed beneath the filling cap of the Four Oaks 
contamer proved satisfactory for tius purpose 

(ui) Inseclictde Dosage Table \TI records the spacing of the DDT 
spray roimds made m the centralized portion of Takoradi towmship dunng 


Table VII 

DETAILS or DDT SPHAY HOUNDS TAKOHADl TOWNSHIP, 1M5 


Number of 
round 

Date 

commenced 

Date ' 

completed 

Total rooms 
spra>cd 

Total insecticide 
used in gallons 

1 

March 28th 

April 24th 

3,002 

838 


(Inteival 

l3t-2nd round , 

111^ weeks) 


2 

June 18th 

July 9th 1 

3,038 

873 


(Interval 

2nd-3rd round 

10 J weeks) 

- 

3 

August 20th 

September IDth ' 

3,014 

833 


(Interval 

1 

3rd round to Dcc'ember 3l3t, 18 weeks) 


N B — Average amount of mscctjcide used per room 34 0 Huid ounces 


1945 and indicates that an average of 34 6 fluid ounces of insecticide was used 
per room The cubic capacity of the average room ivas 1,289 cu ft giving 
a total sprayed area of 500 sq ft per room allowing for indirect spraying of 
one-third of the ceilmg area in addition to direct spraying of all four walls 
On this basis the insecticide w^s used at the rate of 6 92 fluid ounces per 100 
sq ft. of surface area giving a calculated deposit of 19 3 mg DDT per sq ft 

(iv) Resulting Effects on Mosquito Infestation (a) All speaes Table VIII 
and Fig 7 show both rainfall and the average numbers of mosquitoes collected 
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per 100 room* in the mnn Tduumdi towmlnp orer a conlnuiou* 21 <Tir^ 4 i 
per> 0 (l commcBong In April l&t4. 'Hirtm^bout thta period the — tw (encnl 
method* of mocqaito ctmtroi were exoplajed to that the only uaporUnt Tintni, 
■part from mewiirtd ftuctutdooi In nanfiD wu the •nbrtitatioo of DDT 
recdoi] »pnyiag for rmce treekly pjrrrthmto-kenjtaie treatment ti from 
April, 1&45 and ita extcnsoa to certain outlying riUagea forming poctiblc 
•rurces of motqaito infiltratloa. For the p uipo a c of ucertainisg the moaqoito 
populatKn under DDT coruGnonj weekly check aprayt with pyrcthrum-kmieirt 
were undertaken In appronmitely 200 roo m a c«^ of the fire cooftitocnt 
Tuu VTIL 
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zone* of the township It will be noted from Fig 7 that not only (£d a consider 
able and immediate reduction m moaquito numbert follow the initial DDT 
apraymg but tint rtductwh wt* well anatained for 10- and II week intcml* 
b e t w e en *ucct*Bi\T apray round* «» alto orer an IS-wcek period lubaeqoent 
to the third DDT application. Further n can be teen that under DDT 
concEtron* the mrtnben of all apeacs of mowpntoea coUecTed ceased to bear the 
normal dlrrct relationship to the inadence of rainfall month by month as 
CTcmpfi&ed by results earlier in IW5 and m IM-L 

(k) AMo fi ie bj u rpmci. Table 1\ and Fig 8 demoiatrate that, under 
DDT conditions the ifircct relationsbip obtaining under ooo-DDT epray 
killing conditions be t wee n the nadcnce of anopbdjoe moaqmtoea and of 
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Fig 7 Takobadi Area — DDT Trial V 
Graph of mosquito collections and rainfall m Takoradi Township, 1944—45 
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ainfall was not maintained Comparison between Figs 7 and 8 seems to 
idicate rather that the anopheline percentage of the mosquitoes collected 
ncreased as the total mosquito population dimimshed and decreased again as 
otal collections increased thus suggesting the attainment, under DDT conditions 
n the present instance, of a low and relatively stable anophelme population with 
ulicines almost entirely responsible for the fluctuations in t6tal mosquito 
irevalence 

(v) Entomology As for Trial IV in Apowa, Staff Sergt F R P Lemmon, 
nd subsequently his African tramees, recorded the anophelmes collected 
IS almost exclusively of Anopheles gambtae and A funestus species, the former 
iredominabng Among the culicmes, Culex duttom and C nebulosus abounded 
mt members of a vanety of other species, including Taenorrhyncus untforims, 
4edes luteocephalus, Aid aegyptt and C anmihons, were observed occasionally 

(vi) Labour Organization Regarding labour reqmrements, it was found 
■hat the most suitable composition for a spraying team was one recorder, one 
leadman and eight labourers, with six of the latter handling a knapsack sprayer 
ach and the two remaming labourers employed as earners of reserve insecbcide 
or refillmg the sprayers When thoroughly expenenced such a team was abl e 
.0 spray an average of 206 township rooms per normal working day 
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(vu) Spraying Costs (a) Per room Since a team’s daily wage bill 
amounted to 21s 6d , the labour cost per average room-spraying was 1 25d 
under township conditions As regards insecticide costs, with kerosene pnced 
at 2s 4d per gallon and DDT pulv at 4s lid per lb , these items per town- 
ship room cost 6 05d and 2 13d respectively, makmg a grand total cost of 
9 43d per room sprayed 

(b) Per head of population With a population taken for comparative 
purposes at the figure of 10,505 persons housed at an average of 2 77 persons 
per room the cost of a smgle spraying amounts to 3 41d per head On the 
basis of a single residual DDT spraymg sufficing for an average of 2| months, 
the monthly communal cost amounts therefore to 3 77d per room or 1 36d 
per head ot population Despite the use of expensive kerosene as the DDT 
vehicle these figures compare very favourably with those obtained by Eddey 
(1944) using alternative spraymg methods as recorded m Table X Given 
availability in due course of DDT preparations capable of aqueous dilution, 
DDT spraymg costs should be still further reduced 


Table X. 

MONTHLY COMMUNAL COSTS OF INSECTICIDE METHODS USED IN 
TAE.ORADI TOWNSmP 


Spraymg agent. 

Per room 

Per head of population 

Residual DDT 

3 77d 

I 36d 

Pyre thrum-kerosene 

11 76d 

4 26d 

Cresol-kerosene 

12 60d 

4 61d 

Pyrethrum aerosol 

12 lOd 

4 70d 


(viii) Miscellaneous Data Central Township cf Village Sections In the 
village sections of the Takoradi township area a team was able to spray an 
average of only 178 rooms m a normal working day cf 206 rooms in the central 
township area This reduction m numbers is accounted for mainly by the 
fact that portions of the village areas were somewhat scattered as compared 
with the township and a greater proportion of time was utihsed m movmg 
from one house group to another At the same time it was found that, with 
an average room capacity of 1 096 cu ft and an average sprayable surface 
area of 456 sq ft , the village sections required 8 16 flmd ounces of 1 per cent 
^^ct giving a calculated deposit of 22 89 mg DDT per sq 
ft of surface area Spraymg costs per village room under these conditions 
amounted to 1 45d , 2 29d and 6 51d for labour, DDT and kerosene respec- 
tively, giving a grand total cost of 10 25d With a village section population 
taken at the 1943 figure of 7,162 housed on an average 2 2 persons per room 
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the forej^oiog co*t antoont* to 4-G8d. per bead of popalctkio. Maothlj ccMi 
wiiirtliij; « 2} month (praying cycle, aotount to 4 Id per room or l-dSd per 
head of popolation. Actually the dotage quoted u the pretest Inrtaoce vosM 
teem to justify a fall 3-mcnth cyde hanag regard to the rcaulu detiikd i«r 
the mats township area othig iIk aubatandally smaller DDT deposit of Ul-3 
mg per tq ft. 


rv — SmatAXT 

In a tenet of preCmiaary tnala condacted in large nsrohen of oidTc 
dwelBng houtc* tt Tahoradi, Gold Coast Colony h w» fotmd that ■ 1 per 
cent. toIunoD of BDT in k troaeut , oted to gire a calcnlsted depost of SS-S ng. 
DDT per tq. ft, of room curftce, produced a marled rdadTc abtence of 
moaqintoei in the rooma treated. At tte end of a S-week check period foOoanng 
I nsgle apriying the proporUoo between moaqmtoea infating the DDTd 
and control rooma had rlt^ gradually to only 4 10 When the dotage wai 
reduced to Il'O ntg DDT per tq ft. the proportion 4 10 waa reached in 13 
days and complete parity the coatiol result eatutd tn a total of 23 daji 

Iso tubAanual lethal advantage was ohtamed by tuhatittmng the 
” hitney type apnyer for the “ kmqiasdt " raricty and the latter waa found 
to be the mere efficient spraying apparatus for ressona giren. 

In a major trial oooducted under temi rural cocdiDooa in a non'malica 
controlled area cod ueng a dotage of 1^75 mg DDT per tq fu, tt waa fmnd 
that, despite its gradual increase, the DDT «r«<es factor had sail to amin to 
lU initial lerel at the end of 9 mobtha from ongisal date of tpnying Ktnnbtft 
of dead moaquitoea were collected in the treated rooms in the uitesTtlt between 
check aprayingt throughout the first 10-wedi penod. 

Following adoption of the rendual DDT method aa a roudne In Takom5 
township and udng a doage of 19 3 mg per tq lustimed redocnocs m 
motqmto mnnben were ob^ned over mtaralt of up to 18 weeks from dates 
of re-tpraying. Further the nonnal direct rdauonahip ceased between ra infall 
and all sj^cs of motqmrocs collected, as also bet w een ramfall and co fl ec ted 
aaophdme motqtntoea. 

Pamculirt of spnying costs, of the labour organization found to be most 
effectire and of the ma^ eatomolofical fimhng* are giren aa well aa a stimtlcal 
companson of the differing results obtained In Takoradi Tilljge tecnoos as 
diatiiict from the centnd township areas. 

REPERENt:E. 

EoscT h. O, BpnrfciQsif of taowsaJiDea in boaam A coctrftmtiiai to taabth 

ccDflnl on tilt Ocid Coast. TVm. iL Mp A/W. Hyg U, IS? 183. 
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THE RESIDUAL ACTION OF DDT AGAINST ANOPHELES 
GAMBIAE AND FUNESTUS* 

BY 

K S HOCKING, a R , b^c 


Introduction 

The expenments recorded in this paper were originally undertaken to 
provide guidance in the practical employment of DDT impregnation as an 
anti-malarial measure in the East Africa Command At the time these field 
experiments iierc begun, the information available amounted to little more 
than that DDT sprayed on to wall surfaces would kill mosquitoes that rested 
upon them, in a remarkable manner There was an immediate need to ascertain, 
therefore, the optimum dosage, the effect of different wall surfaces on impreg- 
nation, and to explore, so far as the limited resources available would permit, 
the mode m which residual action became effective against East Afncan vectors 
Since that time much more information has become available, much but 
not all of It confirming or anticipaung our results As, however, information 
from any angle on the use of this valuable method appears to be useful at the 
present stage, and as few observations on its use against A gambiae and A funesttis 
have so far been published, we have thought justifiable to publish our complete 
results “ 

Knipling and Senior White have pubhshed information on the residual 
action of DDT against other anopheles Knipling (1945) has foimd that, used 
against A qiiadnmaculatus, residual action results m a reduction pf numbers, 
due to the restlessness of mosquitoes, which is greater than that to be expected 

• This paper is pubhshed with the permission of the D D M S , East Afnca Command 
Many of the observations recorded were earned out by Major D G MacInnes, and 
others by vanous members of 92 E A Malana Field Laboratory 
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from the a ppac ept UIl tbit the preferred donge u of the order of 2D0 mj, 
per »q. fc^ tnd tb«t a large propoittoa of killed anopbdei hare already fed. 

ScuoM Wsm (1^^ bas poioted oat the idatiTe clieapnen of thu mrttvwj 
aa compared «rth pyrethrnm apray Uning. 

\tlTHODS. 

TTie ciperimenta were earned oat near Taveta Id Keoyi, Tenti, hoti 
aod wooden trapa were used at ranoua atages in these tnab. Ihe tenti were 
180 lb. tenta, 7 ft. higb and with a floor area of about 14 ft. by 14 ft. Only the 
Inner tent wa» u np re gn ated. The htita were of tnnd and pole construction witb 
a thatched roof, 7 ft. high ^tid 9 ft. sqoare imide, they were Esed with foor 
(Efferent materials mud plaster bitmncnlxed beastan which had been white 
washed, a soft compressed fibre board, and a gianljig nude of long grass tmos 
sewn together The traps were of wooden frame cons truction 6 ft. high, and 
8 ft. by 4 ft 6 in. Ircside around them w ere panel * of ganxo I ft deep aborc 
and below which were Terdcal sEts 1 m. wide protected by an overhanging 
flap of ganze. 

Impregoaocmt of 50 lOO and 200 mg per s<) ft in kerosene, u shown 
below were earned oat with s power sp r a yar 

Morning catches were usually effected by spray btSttg m to white floor 
sheets. Thw sheets remained in position at night so iht , b ef ore spnyuig 
tU mosquitoes killed by impregoadoo could be sepsmely picked up Wba 
delayed monality from reaidual senoo, as many mosqatoes as 
postiMe were band-ciaght, b^ore spny laUmg sru earned out, and prtser r ed 
10 1 ft cube caosqnito net cages. The rare survlron obserred after spraying 
were added to the total of those caogbt by spraying 

Nght catches were earned out (at 22.00 0100 and 04 00 boors) by 
Africans and Europeans together using hand torcbea, after a doth had best 
dropped orer the end of the tent, to be raised again when catching had best 
compktecL ^Vhs 1 nnsquicocs were n m nero u s and restless (as sras obsmed tn 
occur in Impregnated tents) It was sometlinea found impossible to catch tU 
that were present In such ci r c u ins t ances, catching was brmted to 1 hour la 
order not to interfere too greatly with the normal noctnnul mosquito traffic. 

The attachment of a s econd tent oa to the end of the first was unde m an 
endearour to throw some Bgbt on the extent to which mosiputoes left i treated 
tent. These attached tenti are referred to as annctci, 

AD tents and hots were baited ” by tbe presence of two Afneans sleeping 
without nets trips with one African. \Vbcn annexca were attached, the but 
slept in tbe first tent, not In the annexe. 

In sD c as es control huts and tents eimllariy baited, were malntsinrd. 

Some estimstions of the DDT content of treated s urfa ces were made 
(by Csptain R. L. HAMm) by eathnatiog the labile ehkmde equhalent by the 
method of Volhard, after extracoon with petrol ether 
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tin- urn ninp, i' 'Inn nin J afi'rt H 111 ind n) imi l\, ivhicJi rrfrr {o 
lu!t>^ -ind traj) rr pcctivrh It vill f)- <il\ 'ln( tlir pc rcrnti, r '■'^Jiio 'Itnio- 
f ilird fo’io'o rn onabh clo c!\ ihr d” •’{ c o'" nupTi n ition ui -'I or j im 
afirr imprc-rnatiim the nit?rl Kinrs-liU iM\cn In L* >') tnj' pr* fq ft r \tM'i .! fro n 
72 to 93 per cent . of nip, from 39 lo S2 p-r c^nl , and of 39 j ,, ff i.,, *3 
to 57 prr cent 

With rcpirrl to the fnrihrr rnomIii> which rmphl hr rtprci-il to <> , i 
in iho c found nine m the mo-nmp, *omc infonintim i pnm m fa’.!'- V 
(fir t four cohnnn ) Of tlm «r\i\or from t 2'0 nii im,.rrj m't d tmt 15 
per cent nerr dend \ nhin 1 Jioun {or 12 p-r ten* if th'- mo'tahtv i., th" 

controj he deducted) nnd 52 per cent up to .S iioiir Propo to. n'rK ii !!r' 

dchjid mortahlic' occurred iri tno tjuitor ttpo 'd to tnr | r-f 

muon. Inen nmonp the rno i, tutor whid. were found i > tl,'- on n.p pr, vd 

nnncxcc there \ i, till i coiridcnhk dehjed inonahii dtnoj'h i* ru j * [, 
'veeumed lint trnn> of the ur\iM,r« lnd tmt h-n r xj '•d to a i nn I 

eurnet * 
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TTif Irtt*! effect -wied nruch mort tnddy Mul tliU 

TtiiatioQ MCT* to be cooneded imst tioiclj with the uturt o( the imprcxoxted 
eorfic e. It U in tcnu that ibrietbil effect U aioil pemKent, Imle drop « 
effettTOte** with douce* cf 2M tstg> sod 100 osj u tpparcot rfwr 6 sooth*, 
200 tng renaming effccttre for 12 month*, md eren from a 50 mg imprcgn*- 
UoQ •otae effect tdll rem ai aed neariy I year after treatment. 

On nmd plaster (I lot F Table lUi) the doratiQn ale** for after 4 tnooth* 
there va a confidermblo drop in mormoc nuxtaCty giren by a dotage of 100 mg. 
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Anuoi MorfT*} MoagcTTO Mommr tM mratauriD run. 



• In the coe of rery ab*orba>t rarfaco aoch u comprcaaed £bre boxrdt tbe 
' (hirtticm WM ftiH •bcrter prctumahlj duo to the loos of avalitje DDT ifl 
tbe tbckncM of tb« mueruL In Hut C • 200 tag dotage had lott mtjcfa of 
lU cScctiTeoest after 3 mcotha, while in the aatzw Hot C the lethal effect of 
ISO mj: penitted until ihra hut waa aenouily damaged by Inundatkm. In 
Huts D and F the effect of 100 mg waa notably le*a after 2 month*. In Hut F 
50 mg had a moderate effect lasting 2 \ tnontba. 

TT» results from the wooden walla of the trapi girc further eridence of 
the shorter duratioa of residual action on thcir rough and absorbent aurftces. 
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In them the morning morahty tod dropped comideriUy after 4 Tiw»tK« la 
the cue of 200 In 3 montht with 100 mg 

The most nouhle condition, apart from the roaghncts or absorhencj of 
the surface and dosage, vrhKh motfified the effc c t i T tn caa of redduil aOKc, mi 
Umewtshiog The heaalcn walls of Hut HI and Trap 5 bhf been [unewuhed, 
the first 3 months and the second I month before impregnation. It Is dear 
that thii tlmcat con^letdy destroyed the effect of the itnpregnaQoai. The 
effect of 100 mg DI5 t apphed eren 3 months after hmewuhing lasted only 
I month, and applied 1 month a^er wu negligible. 

In Hd^ B, lined with grssa matdng, the rcaolts, which are not here recorded 
In detail, ahowed a morning mortahty of from 20* to 2S per cent, orer a period 
of a year We attribute this resoh to the solobon running off the imooth grow 
stems at the time of Impregnstioa. 'Hus opinion is confirmed by a chemical 
esfimiQon 3 months later which gave 5 7 mg. per sq fL It is, bowerer iho 
to be noted that what effect ecisted was scry persistent. 

One other modifying betor Is to be noted, namely the effect of rain or 
hmradity During \Iay 1W5 the lethal effect in Tent 6 which had prenoosly 
dropped to a low tevel rapidly increased and then ified away again. Tfan 
pent^ of baghteoed acdrl^ correspODded to a penod of rain. We offer no 
explanation of this oecorrenee but it may be that a ■<n^»r arcumttxDce 
pnmdea an explanation for the apparentiy rather longer duration of matimum 
effi tuivtueis of the 160 mg impregnanon of Hut C, during the Qrne the 
turrouDding fields were flooded and the Imraediase mrroundlrigs of the but 
kept damp. 


Errt cT cr. Txiru, Ncsinns or siosotTroo cacoht 

Farther reference to Tabica II lU IV shows that, sccompanying the 
moaquito mortahty observed, these was a general decrease in the notobers of 
mosqmtoca caught u compared with the controls. It miffat at first sight be 
thou^t that this redocnon sru due to some Inhibitory effect, but the resuha 
from traps (Table IV) seem dearly to contradict this explanaoon. I\’ben, 
as in tbcK traps, the exit of mosquiloca sru Tcry dlEBcult, t^ numbers caught 
in the treated and the untreated buildings are n t sigruficandy cfifferenL It 
ma y bc DOtcd bcTc that the reductiofi in nombers caught is greatest in the oac 
of the* lighter impregnatioaa. 

This may perhaps be explained by the fact thit with tfw lower txapte g- 
aaQoai s l ociflCT period of contact is required for the mosquito to scqtnre s 
lethal doae. Thus the fesdeasneas induced by the DDT csosea a larger 
proportion of cuts than occurs m the higher impregnations, where the lethal 
dose Is acquired more ripidly 

Some duddsnoo of the actual total entry was given by catching thmogh 
the night in tenu and huts. The reaoha are shown n Table VL It was found 
that ibe nnauoDS In such otebes were sorpnsir^ly wide (in the control Hot E, 
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Table VI 

ALL NIGHT CATCHES COMPARED WITH AVERAGE MORNING CATCHES 



Treatment 

Average morning catch 
for the penod 

All night 
catch 

Mommg catch 
after all night 

Total 

Tents 

Untreated 

13 

177 8 

142 

47 

189 


60 mg 


40 0 

108 

21 

129 


100 „ 

0 

10 9 

109 

17 

120 


200 „ 

3 

90 8 

72 

19 

91 

Huts 

Untreated 

7 

00 0 

110 

87 

107 


60 mg 

4 

21 0 

77 

43 

120 


100 „ 

o 

6*4 

18 

12 

30 


200 

6 

9 0 

17 

19 

36 


for example, between 40 and 598), and it is accordingly impossible to draw 
any very firm conclusions from the few senes of catches made All that can 
be concluded with certainty is that the increase in numbers caught by searching 
dunng the mght, as compared vath the mormng catches for the penod, is of a 
much higher order in treated than in untreated tents or huts The exception 
IS in the one case of a 200 mg treated hut, in which at this time a very high 
mortality was occurnng Although there was an increase in the comparative 
catches in the control huts, namely, 100 per cent, the increase in the corre- 
sponding treated huts was from 400 to 600 per cent On the other hand, the 
results from tents, which comprise a longer senes, give much stronger additional 
support to the suggestion that, in spite of the reduction in morning catches in 
treated tents, entry is in fact little reduced 


THE EXPLANATION OF REDUCED NUMBERS IN TREATED TENTS 

The alternative to decreased entry, as i an explanation of the reduced 
numbers of mosquitoes found in treated tents and huts, is increased exit by 
affected mosquitoes That tbs occurs has already been suggested by the 
ne^tive evidence of the numbers remaimng in traps, and further positive 
evidence was given by the mosquito catches in annexes to treated and untreated 
tents, shown in Table VII, which represents the results of some seventy con- 
current daily observations Although, of course, therq, were much smaller 
numbers in the unbaited annexe than in the baited tent, the proportion in the 
annexe was much greater in treated than in the untreated tent 

Males, wbch came m near dawn for shelter, were apparently not deterred 
trom p^ing through the treated tents Similarly, unfed females were not 
deterred from entenng, but apparently tended to pass on to the annexe in 
increased numbers m spite of the attraction of the bait However, it is in the 
case of the fed female Anopheles that the most stribng differences were observed 
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The very small proportion found in the annexe to the untreated tent suggests 
that the females normally rest m the immediate vicmity of their feeding place 
Yet in spite of this tendency to remain near to where they have fed, the percent- 
age passmg into the annexe is increased in proportion to dosage up to thirteen 
times the percentage m the control This occurred m spite of the fact that a 
large number had already been kiUed in the tent It must be assumed that 
these females had fed in the tent, whether untreated or treated, and that in the 
latter case they had, for some reason, been dnven out 

EFFECT ON BITING 

Experiehce obtained dunng the course of all mght mosquito catching left 
no doubt as to the readiness of mosqmtoes to feed in impregnated quarters 
When the human hait m treated tents slept under mosquito nets the proportion 
of fed mosquitoes fell considerably, as well as the total catch , this provides 
evidence not only of the extent to which Anopheles feed in the tent in which 
they are caught, but also that under these circumstances they may leave before 
receiving a lethal dose The proportions of fed and unfed mosqmtoes in the 
monung catches are shown in Table VIII It will be noted that the proportion 
of fed mosquitoes caught m the vanous impregnations decreases but little 
mth increasmg impregnation 


Table VIII 

PROPORTIONS OF RECENTLY FED AND UNFED MOSQUITOES IN TREATED AND UNTREATED HUTS AND TENTS 


Nature of lining 

Untreated 

Treated 60 mg 

100 mg 

200 mg 

Total 

females 

Fed 

per 

cent 

Total 

females 

Fed 

per 

cent. 

Total 

females 

Fed 

per 

cent 

Total 

females 


Tents 

Wattle or mud 
Hessian 


81 6 
68 5 
80 0 

3,202 

1,291 

72 6 
66 6 

1,628 

2,880 

907 

69 7 

69 1 

83 9 

■ 



Estimation of DDT on Treated Surfaces 

It had been intended to make regular estimations of the DDT content of 
t e Seated surfaces , but this object was not achieved Moreover, estimations 
o e results of routine impregnations in mihtary camps showed such wide 
variations, in the size of sample that it was possible to exarmne, that such 

estimations give no more than an indication of the probable actual quantity 
present ^ 

It was, moreover, found in general that the actual dosage as estimated was 
much greater for a given mosquito mortahty in the case of the absorbent 
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tiir&ccs of fibre boird than in that of cxnrai. It ii concluded thit macb of 
the impregnation is “ berried to the deeper Ujera of the fibre board. 

A justifiabk optnion, baaed oq the csdmatioot made would be that h b 
necemry for at least 50 mg per aq fc to be present withm the faperfioal 
layers of impregnated material m order to aciuere an cffecQTc reifdtal aefhm. 

Corccuaiooa. 

It appeara to us that, from the foregosog obsemtiocis certain conchmeca 
can be drawn as to the effect of the reaidual action of DDT on the bouse 
populatlocj of A. /aat&taa and fmmertio. There baa been no uuficafion of tsy 
dlffercTice m the effect on these two apeaca. 

^\e coQclade m the first place that there it do interference with the Euxmil 
behmour of these ^>eaes so far as tbor entry into the huts and tents and thor 
bitiog activity is concemed. When, howerer they have been affected by 
contact with DDT they tend to (eaae the boilding concemed, and as a rtauh 
a reduction in numben of mosquitoea, greater iKan that attributable to appnent 
mortahty la fottod in it. 

The morality from adequately Impregnateti surfacd atber during the 
tttght Of later ti c ertai . n ly >ery high, and probsUjr cJoseJy approaches 100 per 
cent provided the mosquitoea are able to feetL If however they cannot feed, 
or if there ia an ammpreg oa ted surface m the imEcnfiate vioiuty on which they 
can rest after feedlog it ts Gkely th»t a CDimderabfe number will escape before 
coming into oontia with the impregnjted surface. 

Il^octKm in milaru trmsmtsaion will not be adaered by mosqiuts 
tnomCty however great, ia a smgle unpregoated boJefing to ensure tldi 
reducaoo rimiUr treatment most be given to all boman habhanoos m the 
nerghbourbood, probably up to a radius at least as great as thtt found o^cessary 
in tarval control of the anophe hn e tpeaes conc er ned. It cannot Ik expected 
thit tins method will be mare than very paitialJy effective as an anii-malsrf*l 
measure agamst species which do not habitually rest in houaea. Nor in a stogie 
b o use or smaO group of bousea, can iHty method be expected to be more 
cffectiTe thin spray kiTEng altboogh it a likely to be moch cheaper 

The dosage which may be regarded as most effccrive is open to dtscnawoa. 
The observations whscb are particuUrfy rdevant are those concenting monunf 
roortsBty with varying dosage, together with the delayed mortality m aoneits 
to treated tenta. In the bght of these findings it seems to us that the higher 
taagt of dossges used, asmidy ISO to ?00 pec sq ft. is cveceissry m. order 
to achieve an adequate kiO that is one m the region of totality A necewsry 
coodution f rom the results given seems to be that , unless knock down b 
rapid, escapes will be considerable. 

. Allbotigh we have no preow indicauons of the rebtiomhip between 
/dosage and the nature of suriaces m general, h ta at least dear tte s thick, 
f rough absorbent matenal requires a muds htgber dosage In practice than s 
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thin one of finer grain As we found, the same dosage actuallj remaining on 
the material is imtiallj less effectiN’e, and its duration less, on the former In pc 
of matenal than on the latter 

As the fibre board we used is probabK as absorbent as an\ matenal liheU 
to be encountered in buildings, it may confidently be expected that, on anx 
surface, an effeeme duration of at least 4 to 6 months wnll be ensured by an 
impregnation of 150 to 200 mg per sq ft , 100 mg per sq ft dosage can- 
not be expected to retain its cffectnencss for more than half that length of time 

Limewash, particularly if recentl\ applied, cffecuicU ncutralires the 
residual action of DDT on walls 


SUMMARt 

The methods used to iniestigate the residual action of DDT are desenbed 

The onginal mosquito mortality caused, and the duration of the effect, 
with lanous dosages of DDT on \anous surfaces arc recorded 

The reduction m the numbers of mosquitoes found in treated tents and 
huts is discussed 

The large proportion of the mosqmtoes killed that ha\e alrcads fed is 
recorded 

It IS concluded that A gamhae and A funestus tend to leave a lightly 
treated building, but that with an impregnation of about 200 mg per sq ft 
final mosquito mortality approaching 100 per cent will be achicsed, and that 
on most surfaces the effect will last for at least 4 to 6 months unless lime is 
present 

ImpregnaUon at this dosage on a sufficiently wide scale should greatly 
reduce malana transmission by A gambiae or A funestus ^ 
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EXPERIMENTS WITH DDT ON VARIOUS SPECIES OF 
TSETSE FLIES IN THE FIELD AND LABORATORY 

BY 

F L VANDERPLANK,* 

Research Officer (Entomologist), East African Tsetse Research Organization 


Introduction 

SwTNNERTON and many other tsetse workers had considered the possibihties 
of an insectiade which fitted with the following reqiurementsr for controlling 
and extemunating tsetse flies — 

(a) Must have lasting effects 

(V) Able to kill tsetses after a short contact 

(c) Must not be readdy destroyed by sunlight or heat. 

No insecticide fitted these requirements before the properties of DDT 
were generally made known The only insecticides that gave any promise at 
all were solutions of pyrethrms , these were lethal to tsetses wluch came in 
contact with a sprayed area, but only while the solution remained, and the 
pyrethrms were quickly destroyed by sunhght Hornby (1943) successfully 
used solutions of pyrethnns as a tsetse repellent the solution did not repel 
tsetses in the accepted use of the word, since the same numbers of flies were 
attracted to both treated and untreated baits, but the treatment deterred the 
tsetses from biting and so Infecting (with 'trypanosomiasis) the treated baits 

• I wish to thank Mr S Napier Bax, Acting Director, Mr W H Potts, Dr C H N 
Jackson, Senior Research Officers (Entomologists), for their help, suggestions and co- 
operation m this work , also Professor J E Harris and Dr E T Burtt for their help 
in the preparation of this paper The careful work of many Afncan assistants is also 
gratefullv acknowledged 
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In &ct icnal coou ct wu needed with the trotted tur&cci before the iikt 
wort lepelltd, tad I tagsm that »ub»tance» which repeJ after contact ihtnid 
be called contact repeOenta to amd coofowon. 

We recaeed t tmaU supply of DDT in Norember 1W4 and dunny 
eariy liW5 ample luppliea throu^ the kindness of Profcaaor P A. Barrox 
snd the London Tsetse and Trypacosomiasu Committee. With these 
sopptics I was able to carry oat a stria of preCtomary eipeninents on Ttnoia 
tpeaa of tsetse both m the laboratory field. It wia quickly detooo' 
strated that contact thron{[h the pufrilli of the feet for a few secothl* with 
a aprayed saTfice containing DDT chher fresh with aolvmt or ts a reaidml 
deposit, was extremely lethal to all apeaea of tsetses tned. In fact DDT had 
an the desired quahtiet ts {littd abo^ For detnb of the properties of DDT 
SCO BtOTCW (1945). 

Tlxe next problem was luwr this Imectiade could be used most ecooomte 
ally bearing in mind that ottr object is not merely the control of the By but 
Its ei tef TTHna don from any gi r cu area. There arc already serctal methods for 
controding and extenwncong taettea (n given areas and uoce vast areas of 
Africa are dominated by the pest, the cost cf ndding these areas It the imla 
considaatiQii when deciding which method should be osed. The tsetse Inrs 
Bugly m forested areas, feedcog safely by sucUng blood of (indiK&ng 

Eotn) and m so doing may tnosimt trypanosomes of human sleeping 
tukneai (TVypMMoau rhadenfnu and T gaeiCinM) or animal trypaaosormtsu 
{t nafolast T hrwtt and T rrcaa). Human slesputg sjcknesa can be dah 
with filriy eirilT in East Afnea by rememng the people from infected nraa 
(see FAtRBAnLN 1944) but the presence of tsetses prerents the derdopmecit ef 
the land and expansion of the already ov e rcrow d e d population. The dtoabon 
has been described admiribly by Bu (I9t4) 

During the war the military bad been able to dost large areas of bush, 
forest and swamps from the ait coatroGmg, and m some cases ectxrmmstmg, 
mosquito spedet from c er t ain areas m Burma. Soefa t nrim re agaimt the 
tsetse was conaidered bowerer the coat of the DDT » at present wboot 
4a. dd. per lb., and even if it could be produced at la. per Ib the cost of 
spraying fram the air would be prohibitiTe even if sncceaafuL It would require 
about ^ Ih. pet acre to be at all effcctrvc, or 320 Ib, per square mile winch, at 
la. a pound, would coat £16 per square mile for DDT alone. Expeiv 
Twntt with DDT m the bosh lend to show that it la only effeenre for 4 to 5 
days on ve geta tion stnee it aj^iears to be absorbed by certain plants. Assamuig 
that one aerial dusting destroyed all the adult tsetses, the pupae stHl r et a tt n 
in the ground and these will cootinoe to cmeigo for the nen ^ to 35 days at 
mi^n temperatures of '’4* C. and 22* C. If a second dusting was ffren 35 
days Uter sosne flies that emerged soon after the first ditswig had become 
noa-lethal would have had time to deposit their first lame (20 to 22 diy» 
being rc qui ied at mesn temperatures of 24 C, to 22* C.)- So at fcast thit* 
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men isolated areas, none to 

tsetses in gi ^^gd out vnthDU abeyance, sin . below 
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be poisoned by g away, especially tb S 1940, 
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most prefened as bos ^ Afncan assistants, 1 ^ fortmgbt, m an 

using^only three fj^etsc (G palbdipes) ^ end of the penod one 

up to onc-tbird o ^ o ^t seems feasible 

area of 21 square been marked) so it possible to 

m every three to the square mile for ^ets^ 

as many as ^^^="^ 11 ^^ 0^1100 m a short 10 weeks female 

account for the "^"^‘'jjtcrminate the populauon m l^^a, the 

emerging from popac, « evt she pro^c depends 

fly requires a larva and the interv'al be required appears 

tnken to produce this lan^ of meals 9 . 


account for tue ^.^crminate the popuiau^a. larra, 

emerging from pupae, to evt each meal depends 

fly requires a larva and the interv'al be required appears 

Sne mken to produce rhe number of meals ^^^^^^^rions are 

upon the P’='='""^'"^ e^^nt (NrANDERPUANi-t ""P" ^r all these meals off the 
m be more or less coi^mnt ^ ^ . sbfis able to reproduce 

ra a relamcly high p P j^^^i any gi'on area 

complete cMerminaUon 
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Ezpenmaits then, bare dnrplop«d tloog the line* of obtiming i cntJU.. 
prtpanbOB of DDT trUch cm be placed cm attk md then a*iag them to 
attract and ao dettroy the tactie ffiea. lad dentally thla coetbod deaGnyi other 
obooaioia Inturg fljca, aho hard ticb, thui aerruig more than one pmpote 
at the tame tinie thdi method doea not dc atf oy any meful Inaecti or predaton 
of tietaca, whkh iprayhig the fauah mechanically wmdd do. The chief pcedatort 
of tietaea that are aoaceptible to DDT are many tpeaea of robber ffiea {Aahd^ 
wupa (Bfmitx) mtntidt, AftbtM apcaca, mti, tTec-frogi, and tree lizirdi. 
Predaton that are not affected by DDT arc Hrda, tmall mamnaah (preying on 
pnpae), and tpdera, none of the iMt, howrrer plap an Impo r tan t part la 
controlbng tbe tcetae populanoo. 

LiBOUTCMT EzrauMom. 

The fint ezpeniikenti were made to detcrinmc wbether DDT waa kthal 
to tsetaca and In which way the DDT most be brought into contact idth the 
fliea. In the first expedmenta, plecca of cardboard tpnycd with 5 per cent. 
DDT tn kerosene were Introdoiced Into Bruce boxea* containing t w ent y te 
tlfirty G tMmtaa G mynerton and O pAJhdtfm AH tbe fiiea nude contact 
with the atnpa of paper and were dead in 24 bonra. Tbe next expenmenti 
were armed at determining the danhon of contaa DeceiMry with different 
nrengtha of resdnil DDT Single taetaea In ga uae -coT tre d tobea were placed 
on sprayed c tnp a of paper for penoda of 1 to 5 mmntea, but tbe groe Interfered 
and prerented the ffio coming into contact with the treated area and the 
majo^ aurvired. Next aperiment ria G /wl/wh»ywo/« «od fire awmlaar 
were allowed to feed through cotton gauae (fliea kept aingiy in tubea) on an ert 
whkh had been aprtyed aouM boura pomoualy at tbe rate of 0 Sgtanuasof DDT 
(vtire laoiaet 60 per cent.) per aqnare foot. AH died mthia 24 boora. Cootroh 
were three pc/pchr fiodpet and two aaomtau which war fed bi a almilar manner 
on an untrorted ox all were ahre and wrU after 30 boura. The coocltialoe la, 
m the K^t of later work, that fllci were wilUng to feed thioogh a treated aurface 
pronding that tbeu’ feet did not contact the poiaao, and were killed witidn 34 
hours tluongh DDT contacting that proboacit, 03 gramme aedre laoou 
of DDT per square foot bemg lethxL This expenment was repeated 24 boon 
later on the same oxen. Eight male and three female pmIfitSt fusdpa and one 
nviU oBjtm were used, roott were paralysed wiUun half an boor and dead witlwo 
12 bemra but two pslpahs fusetpa tool 48 boura to die. Three male pe/pafio 
fuciptt and two male wtaruttiu were used as controls and all were alrre and 
wdl after 43 boura. 

Expenment 4 was a repeat of the aborc, but 72 hours after the spray had 

becnapphed tbe area treat^ was on the flanks of the ox, and this ox was grazed 

with Its herd when not m use. The control ox was grazed and housed separately 

A Bnm box m «m 11 fxusc-eoT Wd box. nrotUr to thosa deaqftwd tad tned br 
Banca n fat* work. 
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to avoid contact with any treated beasts Four male and four female palpalis 
fusapes, two male and tw'o female morsitam, one male G ftisapletirts Austen 
and one female G brevtpalpts Newstcad (the only tsetses available at that 
time) were used At the end of 24 hours one male and tivo female palpalts 
fusapes had died and the remainder surviwd and were well after 48 hours 
Controls were one male and two female palpalts fusapes, two male and one 
female morsitans, of which one female palpalts fusapes died within 24 hours, 
the rest w ere alive and well after 48 hours 

The conclusion is that as far as “proboscis contact” is concerned this 
method had no effect 72 hours after spraying Later it was shown that this is 
due to the residual crystals of DDT becoming rubbed off the ox by the action 
of grass, shrubs, etc , and the cattle rubbing against one another 

Expenment 5 An emulsion (formula SK/4, see Appendix) containing 
DDT was sprayed on a piece of ox hide at the approximate rate of 1 gramme 
per square foot , this is a heavy dosage but was due to the thickness of the 
hairs on the hide absorbing the spray If the total surface area of the hairs 
plus skin could be calculated the dosage per unit area would be considerably 
lower The tsetses were placed in contact \vithout any intervening gauze for 
a set time, being held by the wangs wth a pair of forceps A male palltdtpes, 
male stoynnertom, male morsitans and a male palpalis fusapes were held so that 
their feet were in contact for 20 seconds, all were paralysed wthm 15 minutes 
and dead wthm 2 hours The same species were used for controls, and used 
alternately with the experimental flies, using the same forceps, but a clean piece 
of ox hide and all of these were alive and well after 30 hours In the same 
expenment a female palpalts fusapes, a female morsitans, a female stoynnertom 
and a female palltdtpes were held in contact with the treated surface for 15 
seconds , all were paralysed in 20 minutes and dead wthin 2i hours Controls 
of the same sex and species were living and well 30 hours aftenvards Similarly 
a number of each speaes were held in contact for 10 seconds and these were 
paralysed in 30 minutes and dead within 4 hours , another set were held in 
contact for 5 seconds each and these were paralysed in 90 minutes and dead 
within 6 hours Each treated fly had its equivalent control, all of which 
survived and were well 30 hours afterwards 

Some thirty experiments of this nature were carried out by myself, involvmg 
531 individual flies of various species The species used were palpalts fusapes 
from Uganda, palpalts marttnu (Zumpt) from the neighbourhood of Abercom, 
Lake Tanganyika, morsitans morsitans* from Kondoa Irangi, Central Tanganyika, 
morsitans onentalis* from Kingolwira, Tanganyika, stoynnertom from Shinyanga, 

•The writer found that morsitans from the Central Fly Belt, Tanganyika, when 
enws^ with morsitans from the Coastal Fly Belt, Tanganyika, produces sterile male 
jWhnds, and subsequently slight morphological and physiological differences between 
th^e two races or subspecies In view of these differences I propose to publish 
and use the trinomials as given here G morsitans morsitans is the typical race as described 
■ongmally by Westwood 



p M lHitf itt from Shinjiogi, fittetflfuris and hrmp4}pu from lutij Kmp, Imp- 
pfms from Mbolo, Ttagmjiki, and amsum from Kmgoiwm, Taa^ttrjika. 

The procedure m three ezpeno^ti was u dewribed for the fT periTnfti,f 
tbOTc, mmdy etch fly wtt tiW with ita feet m contact with the nufiee. 
Eipcrimcmil and control imfinddtla wwe tettcd altemttely conttet tine 
■wai gauged with t atop watch by a aecnod o b a e rr er Nlr \7 IL Pom. In 
thii way KTcral home made ** emulaioDB in Tanom ttrengtbt were teated 
teata were alto carried oat with pyrethnim extract*. The detafled eipe muma 
are too lengthy to be maerted bm cren in table form, and it U propoaed to 
tummarlze the Ending* and condunona of aueh experimenb. C^ea of the 
original data are filed at the Taetac Reaearch Department’a Headqoartm, 
Tanganyika whence copiea cootd be obtained. During l&M ^t the Zodogy 
Depar tm ent, Brtatol U nlrc r u ty DDT hia aho been found to be cqnalJy Icdal 
to Gp fdlpmUt, G tmhatoidts and G tmhwnymimo from Ktduna, Nigeria. 

If Simona of DDT in keroaenc, dicad oU, carbon tetrachloride, chloro- 
form or other rolatile aolrenta were uaed, the aolrent quickly eraporated after 
bong i p r ay ed apoo the rarface lenrlng needle like cryttals of DDT which 
could be readily obterred under the nucrciscope. The me of tbeae ayiub 
Tined with the itrength of the solution of DDT the aolrtnt, and the tbne takes 
to eraponte. If the DDT diaaotred u a aoleent was then enmlnfied. the 
tue of the reridoal ayitiJa depended opon the *ix« of the partidea of the £*• 
perae phaae of the emuhton and the etrength cf the DDT dbaohed m rt 
When an the duperae pbaae partides were b e tw een 1 and 7 mk r an * in 
diameter as with our etntilsoaa, a 5 per cent. DDT aohioon in keroaene giro 
long Dcecfle-irke cryvtala cad a | per cent, DDT aohrdoai m kerosene gare 
short rectangular crystal*. The space betwe en thcac cryttala depended m the 
amount sprayed cm a giren surface area and the pfopor ti ona of contmaoaa to 
dlfpcrsc phaiet of the emnlson. It was found that the effccorcneae cf the 
DDT depended roughly on the amousta pKked up by the puirilS of the 
insect a feet, and that it was more adraDtagecTUs to hare n um em u a small residual 
crystals orer tbe surface than a few long aystals although there may be many 
more milbgrimi of DDT per unit are* on the long crystal surface than oo 
the abort crystal surface A ingh perce ntage aolution of DDT emnlsified 
with sereral tnnea ita rohrme of contlimous phase (water base) grres irregular 
results when attempting to detmmne the mmimom lethal dose m relstion to 
contact tune presumably some flies happen to contact a Urge cryitil aod 
bc co aae pouoned while others are fortunate enough to arord them. On the 
olhet band, a low pcrceatage soludoa of DDT gtrea *. unco definite end pomt 
when dctcnnming the minimuffl lethal doac m reUaon to contact time pet- 
aumably because the fly haa to come In contact with t er et a l of these smalUr 
cryataU before it fccei re* a lethal dose and is not killed if it contacts only one 
or two crystiU, 

The general condusioei drawn from the cipenmcnta, which were by no 
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'means complete, ws as follow-s on dried o\ hide, a i gramme per square 
metre applied as a i per cent solution of DDT in kerosene, emulsified with 
equal parts of gum solution or some other adhesive, was as effective as 5 grammes 
per square metre applied as a 5 per cent solution m kerosene, emulsified with 
equal parts of gum soluUon , and a gramme per square metre applied as 
a \ per cent solution ivas far more cffccUvc than diluting the 5 per cent DDT 
emulsion (or spraying less o\er the surface) so that a i gramme was distnbutcd 
over the square metre 

In the laboratory the residual effect lasted from 6 to at least 12 weeks, 
the higher the percentage of DDT in solution the longer the effect lasted, 
that is to say that DDT is cither absorbed or \ apourizcs slowly, and the larger 
residual crystals last longest , this counteracts the prcwous conclusion when 
decidmg what strength should be used A highly volatile solvent is preferable 
to a non-volaule DDT solvent for work with Glosstna A very high percentage 
of DDT must be dissolved in paraffin wa\ before the mixture becomes effective , 
sinularly for petroleum jelly (vaseline) and hea\y oils The chief objection to 
heavy or non-volatile oils is that when they arc emulsified and spraj’'ed on to a 
surface, the avater base (continuous phase) evaporates first, leaving a thin oil 
film, whereas m our work it was desirable that the DDT solvent (disperse phase) 
should evaporate first, leawng the DDT crystals to be stuck to the ammal’s 
hairs by the adhesives in the tvatcr-base (continuous phase) This tvas the case 
when the DDT ws dissolved in kerosene, chloroform, carbon tetrachloride 
and other volatile solvents, and then emulsified 

It was also discovered that the different species varied m their degree of 
sensitivity to DDT G palhdipes was the most sensitive, follow'cd by 
G morsttans, both sub-spccies, G swynnertom, G austem, G palpahs fusetpes, 
G palpahs martini, G fusciphiins, G longipenms and G brevipalpts G palpahs 
fusapes reqiured about twace the minimum lethal concentration or contact time 
as G palhdipes, and G fusapleuns, longipenms and brevipalpis about twice that* 
of G palpahs fusapes, or four times that of G palhdipes This sensitivity 
appears to have no obvious morphological basis, the pulvilli appear to be 
relative to the size of the species , and the species listed in order of their size, 
commenang with the smallest, are austem, swymiertoni, morsitans onentalis, 
palpahs fusapes, morsitans morsitans, palpahs martmii, palhdipes, fusapleuns, 
brevipalpis and longipenms The relative sensitivity may be due to the nature 
of the epidermal wrax.es, and aivaits further investigation 

Experiments with pyrethnim extracts showed that while the solvent wras 
still present they were extremely lethal, and had an immediate “ knockdowm,” 
but no residual, effect However, kerosene alone had a lethal effect even 
through pulvilli contact A solution of sodium arsenite also has a lethal effect 
through the pulvilh and especially if the fly probes the poisoned surface The 
details of the sodium arsenite experiments wnll be given in a separate paper 
Although DDT has no repellent effects in the accepted use of the word. 
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It U defidtdy t coooct rqxUcQt for clI OToaxmr tptaes ao &tr crtted. A fev 
wcoadf after the twt»e has bees in contui with DDT on the treated attrfice, 
ita feet apfxv to become untated io atiefa a manner that Ita normal probhtf 
reflex u mhfljttd, and uutead It mb* It* k^* toectber attempting to the 
irritating partldc* oS, flnt one pair then the next, and then either sKira to 
another spot on tbe boat or fllea ofl how c T er doting its 1 to 5 second 

contact it hn r c c o T ed aufficient pobon to be lolled. DDT ha no lethal acoon 
on either TV^panoiaao rhod^nruv brmttf angoiMf or erraa w b e jca Hoaxir 
ba shoim, the wnter cooflrm*, that pyrethium extracts are trypanoddal 
bat bannkn to mammals croi when mected (aqneon* or alcoholic extracts) 
m reladTciy large quantidea. Although DDT ha no nnraetEate toxic action 
oo r^TTirratt ttsed in tins work, prdooged application ma; caote chrodc 
pouoidng. It b extremely <££co!t to get tsetsa to feed on animais that hare 
been well anted with DDT unka the flle* art separated from actual contact 
(except the probata* which appears to be InsendtiTe) by cotton giuae. 

FroD Exratmzwra. 

Tbe nmn object of the preOmlnary field expenmenta wa to (fi tcom 
a adtabk prepafioon of DDT which coold be appSed to the bait tod 

reoaio letU to tsetses u hag a poaible. 7*he method vas a foUovs two 
teams of trained bait oxen were chosen at random. One ream wa treated with 
DDT preparation that was to be teated, and the other toon l^t a a coatrol 
Moularly two teams of Afrtcaos with black doth attractant aerctm were chosen 
at rand^ the screens of one team being treated and the other* left a contrda. 
To amd any poanble contact between other men, buta or screens, the laboratory 
wa dirided into two parts with separate entrances, the DDT treated screens 
and tbor teams and treated ox teams using one part, and the control teams 
used the otlwr part, a tbor asembly and return base. The two groups of oxen 
were biased and g r ar e d teparatdy when not wtwting. The cxpenmentil biiu 
were sprayed with the preparation on the lat day only and then the etpenment 
continued until no further effect of the treatment wa* detected. All pardca 
went out the bosh 1 mile away and wsndered at random catching aQ tset s e* 
O p€Ui£pn and G mrrtafrU»i that alighted oo the bdta, marknig them with 
predetennined caLom* and releaaing them, recording the aumbefs sexes and 
speae* fTtrr Vrd Any marked tsetiea encountered, hating miAi other than 
by any of the parties on that day were killed and brought into 
the laboratory Marked ffici were also rec ap tured by partiea engaged on routine 
fly round* and oo other experlroents being tamed CFot in the area. All these 
marked file* were brought into the laboratory and crroaied In th resulti. Since 
the iratnbm of partk* taned dally thu has exaggerated the difference* In the 
recapture percentage frtrm week to week. TTre numhera of marked tsetse* 
reqptared depended on seretal factors, aueb as population, number marked, 
parte* engaged In reciptanng and the mtcml of time allowed to lip*e between 
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marking and recapture , but in this case these factors were equal for all parties 
engaged, both treated and controls 

Consideration was also given to the possibihty that marked tsetses are 
more conspicuous to predators than unmarked , this vanes with the colour 
used and season To avoid any bias each fly was marked with two or three 
colours Consideration had to be given also to the possibility of the Afncan 
assistants m akin g errors, although the system used was practically foolproof 
and so arranged that if any mistakes were made they could be detected on 
receivmg the recaptured flies Smce the tsetses had to be marked with two 
colours or more, if any flies had been recaptured with only one mark (and even 
if the colour had been rubbed off, traces could always be detected under the 
imcroscope) the whole expenment would have been deemed invalid The 
assistants were issued only with the two or three particular colours for that day 
and their own particular team of baits 

If the DDT treated baits had no effect on the tsetses there would be no 
sigmficant differences between the numbers recaptured from them and the 
controls , on the other hand, if the treated baits killed all the tsetses alighting 
on them then none would be recaptured and so the differences in the percentage 
recaptured from treated and control baits indicated the effectiveness of the 
DDT preparation after due allowance is made for mathematical probabihties 

This method worked very well m practice and the expentiients were 
continued until there were no sigmficant differences between recaptures from 
the control and experimental baits Another precaution that was taken was 
to issue penodically, generally every other day, clean nets to the assistants 
with the treated baits to prevent the nets becommg contammated and so biasing 
the results 

Table I gives the results of the first expenment, which compares the 
recaptures from screens treated with 30 grammes of DDT (active isomers 
60 per cent ) which had been dissolved m carbon tetrachlonde as a 5 per cent 
solution, and hand sprayed on the screens The carbon tetrachlonde evaporated 
very quickly, before the screens had left the laboratory, and left needle-like 
crystals of DDT intermingled in the cotton cloth. On day 0, the day 
the screen had been treated, some 15 per cent of the untreated (control) 
screen-caught tsetses were eventually recaptured whereas only 5 per cent of 
the treated screen-caught tsetses were recaptured. The difference by usmg 
the onginal data is sigmficant, and the DDT treatment is rated as 66 per cent 
effective on that day On the 2nd day, that is 48 hours after spraying, the 
treated screens were only 50 per cent effective, but sigmficantly so , on the 
3rd day there were more recaptures from the treated screens than from the 
controls, and the DDT was no longer effective It appeared from micro- 
scopical examination of the treated screens that the crystals of DDT had come 
off, due probably to the friction of the matenal swaying as earned and possibly 
brushing against the bush and grass Other pieces of the same matenal kept 
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Tabu 1> 

CMTiuTD WTTB B.iuja MJiTVD WITH M au.v^ai or Dcrr (SI m acn. 

ACTtTx tcr\as} *m a I rn cxmt. Bo tAf T iw w ot cu«m tttmob^mik. 

HAU jua> rouu O rmj mu iiiij ts O 


Diti 

■ftCT 

orlaatal 

WMsrxtt 

Oilliul KTtmA. 


I* 

Nmv- 

bni 




Niaab«ci 

rrci^ 

torel. 

W 

IW>p- 

tmd. 

0^ 

% 

t*T». 

Bi 

ii 

0 

US 

TO 

IM 

307 

11 

83 

M 

S*. 

f 

P* 

ao 

31 a 

141 

18 

104 

SO 


a 

cai 

n 

11 ] 

ISO 

to 

13 S 


Ncx^ 


Ca bwTtri I (iTM tht tppnrtbmf |i(»uiiiti ot tMij w bOoI hf tfaa tf wtn i Knea 
CoHjoin I tbi rente a( tattefaWiber tla dScroor* fe i t mma w l*i at «u tba eettowl nd cif«^ 
maotil tpiteni ht% enf matbenMiaU i^inl&anca. 


In the Ubontacy itill h*4 tluar DDT cryiuJi ind were itill kthtl to t*et>e». 
From Uu» eipemwnt it ippoired ch«t It wu wctaiwy to find »on>e way d 
■♦^Ung the DDT cryTali to the laena tend other boti. 

To lerre porpoK in etoubioQ (formula SK^f) wti denied. Fifty 
peru of I 5 per cent eotmoerail DDT (mm tsomer TJ per cent.) (fisoJTrd 
m kertseoe wu emnlafied with fifty pen* of firah ox leram to which 0-5 per 
COIL lodium ertmhe hid been idd^ ei i preterratirc. The leroi eo e or dia- 
pene phaie earned the DDT od xnt broken up into (Vobole* b e t w e en 1 and 
12 ii »K\xi >r n in dluneter irenge dxe being 7 mJerom tztd the cootmuota 
phne seted •* the idhesre. When c tlim Uyer of Uu* emolaloQ ersportted, 
the keroKue fnctioa enporxted fim, leanng fine cryatili of DDT which 
truck to the drying lenini. Thi» emoUon wu lt«rd in the laboratory tl*o oq 
• creeni tnd blit oxen in the field, l^blei 11 ind IV prt the field rctnlti for 
bait oxen ind i cicem . C)n bait oxen, Tihle II, it was 92 per cent, effeenre on 
diy 0 ind 100 per cent, effectrre on tbe foflowmg, day 1 and gire rigmficant 
re^ti up to and on day 5. On diy 6 bowertr it waac^y 45 per cent, effective, 
thu rmilt not bemgaignificant, and may be duo to chance ai on day 9 Altbtra|h 
the expenroent wu contmucd up to the 18th day there were no algnificant 
difference! after tbe firat 5 daya between the reotpturei of taetie* marked off 
the control treated oxen. In fact in aome caici mow recaptarei were 
obtamed from tbiwj- onrked off" the treated baita than from the coQtrtf*. bat 
not algnificanlly more. So It can bo oHKluded from thi* experiment that the 
emolrioo w« effeebre for about 5 or 6 day* (6 daya if day 0 la induded) after 
which the effect ti Uwt 

The laboratory treated piecea of akm re mai ned 100 per cent effecrire 3 
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months after the onginal application, so it appears that the loss of effectiveness 
on the living oven is due to some action concerned wth the living animal 
It may be absorbed by the hairs or skin of the living ammals or what is more 
hkely is that it is rubbed off by the cattle rubbing up against one another, by 
fnction tvith passing grass (grass grows up to 6 ft or more in these areas) and 
bushes, also when the ammal lies down to rest 

Tadue II 

COMPARING UNTREATED OXEN WITH OXEN SPRAYED WITH AN EMUUSION 6K/1 (SEE APPENDIX) EACH 
OX RECEIVING APPROXIMATELT 10 GRAMMES DDT (70 PER CENT ACTIVT ISOMKr) 

MALE AND FEMALE G iiBVTtnertom AND G palUdtpcs 


Dajs 

after 

spraying 

(1) 

Control oxen 


Treated oxen 

X’ 

(9) 

Num- 

bers 

marked 

(2) 

Numbers 

recap- 

tured 

(3) 

% 

recap- 

tured 

(4) 

Num- 

bers 

marked 

(S) 

Numbers 

recap- 

tured 

(0) 

% 

recap- 

tured 

(7) 

% 

effec- 

tive 

(8) 

0 

67 

14 

24 6 


O 

1 9 

mM 

Sig 

1 

72 

11 

15 3 

160 

0 

■IH 

■■ 


0 

82 

10 

12 2 

99 

2 


84 

w 

3-4 

[^0 catches 







6 

79 

7 

8 5 

42 

1 

2 4') 

72 

Not") 

C 

149 

13 

8 7 

02 

3 

4 8 U 8 

45 

1 bSig 

7 

236 

21 

8 9 

98 

4 

4 1) 

64 

.. J 

8 

108 

8 

7 4 

73 

8 



.. sig 

9 

168 

10 

03 

91 

2 

2 2 



10-11 

No catches 







12 

136 

31 

23 0 

117 

29 

24 8 



13 

107 

19 

17 8 

84 

12 

13 2 

— 


14 

84 

10 

19 2 

79 

14 

18 2 



16 

136 

22 

16 3 

63 

13 


— 


16 

64 

6 

8 5 

87 

12 

13 2 

— 



Column S gi\es the approximate percentage of tsetses killed by the treated screens Column 9 
the result of testmg whether the differences in recaptures between the control and experimental 
oxen have any mathematical significance If days 5, 6 and 7 arc combined the DDT treatment is 
69 per cent effective and the differences between treated and control oxen are significant (Xs*= 0 6) 

Table IV shows the results of testing the emulsion on cloth attractant 
screens, and since the screens were less exposed to any friction they were 
effective for a much longer penod However, the emulsion was only 100 per 
cent effective on one day, the 2nd day after apphcation It was found that the 
average time a tsetse was allowed to settle on the screen before being caught 
was 3 to 5 seconds , this is a far shorter penod of contact than would occur 
if the tsetse was allowed to stay and attempt to feed or merely “ look round ” 
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througbmt tbewboltfezpennjeQt No«acati<n vu paid at the time to cEnntK 
cooditioiu, but on lookuig op the meteortilogial recordi. It appexn tint tbe 
D cr ecitt were lea* effectire when hvao<l ctmditiocu exUted tbit, of coone 
require* further mTertigidoei. On d*p 33, 34 md 35 the treated Kfec m were 
Umo; thar effcctmms u coefirmed by Ubontory teats So miftn- ratable 
vettW conditions thn emslaon It bet w een 60 end 100 per cenC effectirc bt 
knEnj and pcMiiipa for 30 days after appCcttioQ on screens. Tbts 

it mueb lon ger tb*T^ its duntiaQ of effcctirencas on bet nren, the reason no 
donbt due to differeaKes m torfsce wear and tear on the two baits. 

In tbe next tiro ezpennsents, wfaicfa were nm concurrently an emulwQD, 
fonnola GD/10 wa tested. Tbe ewentui didfcrence between this emoiitoo 
and the last is m the natare of the otl lacd m the disperse phase here <£escl 
oQ was used instead of kerosene and a 5 per cent, fnm solution Ifnti-sH of serum 
in the contiauoot phase. Smee the tfiesel oQ was not to Tolatiie u ie roseoe 
the conn noons phase enporated first and left an ody film orer the gum cryttalt, 
defeating the pnnople of the adheaiTe, which was intended to mc^ the DDT 
crystsb to the nirftce. These reauhs are shown m Tables III and V Consider 
tug rreaptorea from the oxen, if daily compantons art taken a aigmficint reanh 
was only obtained on the aame day as the beasts were sprayed and on days 7 
tad 8 subsequently This ts doe to the small numbers of flies that w%rc marked 
on the control and treated anicnaJt. Herwrrer if the reaolts are taken at weekly 
intemb a cgni£eant result u obtained for the Ist and weeks, bet no 
effect was c ibs en 'e d for the Srd week-4n fao, aCfbiJy more flies were recaptured 
from the treated oxen thin from the concrola m this period. The eaiulaioc 
wes 73 per cent, effectire dming the 1st week and 60 per cent, danng the 
2nd. This was rather becterthanthercaullaobcained with the prenous etmliicai 
and shown in Table IL Tabte ^ ahows the results obtained from the control 
ivi treated ■r r f p r ta. If daily cotnpansons arc mde, numbers are so&ient 
to fiTC Bgniflcant results on all exce pt 3 days. From meteorologies] data, it 
appears that on the 3 days whidi do not gire ngniflcant results it was wet or 
rain bad faflen during the prenout night. labowory tests with three to fere 
flim given 5 conomt with these tre ate d screens after use, gave 100 

per cent, kill througboot the whole period, pronifing the s creen s wot dry If 
b ow c Tcr the screens were wet the effects of the DDT were reduced. The 
pifp of moisture appeared to provide some insulation b e tween the fly and the 
and may have pr e rented to a Ui^e extent the fine crystals of DDT 
breaking out cf the turfs ce and stKking to the fly a feet. 

.■{h .geaubs no J wceklv bans. .79 pa tcOL nf the Jins were killed 
during the 1st week, 67 per cent, during tlm 2^ end 78 per cent, during the 
3rd, after wUch the expenments were discontinued. 

Table shows compamtive tecapturea from both types of controii used m 
the Ttnoos experiments. The namb« recaptured from the screen and oxen 
seem to vary b etw ee n each other on the same day ind b e tween tbcmselTes from 
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Table V 

COMPABINO THE MAHKKD EBCAPTURES OF G SWyrmertOm AND G poUtdlpes FROM UNTREATED (CONTROL) 
SCREENS ANf) SCREENS TREATED WITH DDT EMULSION (FORMULA CD/10 OF 6 3 46) APPLIED AT THE 
RATE OF 6 GRAMMES DDT (ACTIVE ISOMER 77 PER CENT ) PER SCREEN OF APPROXIMATE SURFACE 

AREA OF 2 SQUARE METRES 
Date of expenment from 6 3 46 to 24346 inclusive 



• Wet days 


■day to day, but testing these differences by X® only on two occasions would 
these differences appear to be significant Actually this is not the case since 
in the large number of random samples one would expect to obtain a so-caUed 
significant difference by chance When the tables are summed up and com- 
pared, there is no sigmficant difference between the percentage recaptured off 
the screen or off the oxen 
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warjuATm ncarrota no*4 wn riru or coemnu. ncarnsor cr nao Mxm» or 
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wm utnuur ccucaa oovraKarm flucnoN noM ■* n, m, it ucd t 
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CCCtCUJBCN. 

The rcacjti of the work deacribod In tbb paper abcnr that DDT tprajrd 
on catrie or attractbtf aer tma can be oud to kin a high peree ntaye of 
that naj abgfat on them. Mocfa work i TTni l m to be doae, and thla hai been 
earned on by mj coQeapia cnce I feft Tanganjika In 1^4^ 
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(1) The pnper drscnhc'? i meOvotl fo- cMrrmimunp tcciAc-flic*; In flood- 
ing " nolaicd isci'^c-infcsted nm^ mth Dm-lrntcd c-ittlc 

(2) Introduction cxplim<; the renon'^ nninl\ cconomictl, nhj thn pir- 
ticuhr method of ipphing DDT In'; been nttempted. ln'‘tc^d of more olmoufi 
method-, of opplicalion 

(3) \anou'; •Simple Iihoraton. tc.t-: dcmon'tmting the toxicitt of DDT to 
x"inou‘: -.pcae^ of tsene< ire dcNcnbcd 

(-1) DDT nns shm\n to I'c Icthi! to tlie folloumg ^pctic'' of t^ct■;e^ 
G pfl/pu/u/utrrprrfrom Lgundi . G palf' ths tT'nritnu Uon\ \hercorn. Northern 
Rhode'!! , G rrorntant r’urntrrt from Kondoi, lingnnsihi, G riorsttcins 
cncntalis from Kmguhuru, rintrio'd t . G pnlluUprs, G rscsrrrrtont from 
Shmongn Tanginnka . G a uteri from Kinttoluin. ringnmH. G fuici- 
plcum and G hrmpalpis from Km, K'-in i , nnd G lor riprr,' it from Mhiihi, 
rangno^nl! Dntcr it In' ibo been 'hown tint DDT n Ictlnl to G p ilpiln 
palpalii, G tachrmdes and G r-orplooi suhmorfttonx from Kidum, Nigcni 

(5) Conclusion' rcidicd from a sene' of expenm-nts uitli \ inmi' emul- 
sion' contiining DDl’ ncrc tint mtmcroit' rnnll rendinl cr\ til' were more 
cffcctnc than n few large crisnb although the total weight of DD 1 per unit 
area wa' the snmc in both cximplc' Ilowcier, the hrge crvnali arc rffectnc 
for a longer penod thin the 'mill onea; 

(6) \ desenpuon of the method of testing the circctncnc^*: of DDT 
prcpantion' in the field n gi\cn 

(7) Fables show the compiratnc number of imrled recapture'; from trcited 
ind untreated (control) oxen, iho the 'ime prcpintion on rcrccns *I he 
preparations retained their effectiveness longer on screens prcsiimilili since 
the) were subjected to less wear ind teir thin on the cattle 
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APPENDK 

FraafCL^ or tbi DDT mrAnmom on) □* Tin ExnBrwn tx to 

pAm. 

K/l 5 (iiaoue* of DETT (•cch* U dragt TAtyfaic with eich b«tdx d DDTV tOO 
yn cmu w of wmmAfrul I w im uh, DjuciriJ atmf medmical itk i e t . 

Crr/3 45 of DDT tll«ulitd b 100 f r una ci of cxrbon trtnoUorld*. 

OK/5 100 p«it» of Corm^ R/l muM&xi rriiK 5 of fom tnUc £»• 

>ur«d ia 100 of w«tcr rrtih 0 1 tnuau o of •c'dlum tmut* b 

6K/4 lOOpcra of foraul* Kfl osulolfiod wkL 100 pan of ox Mnnand CKl iimiw 
of •odhtm cmnfas B a itjtint fr*. Tt>g ox aotan * p p rt pif t U by iflwrBy 
lb* frotlir dmm Uood to obt pod tbo i tpa xio £ram tb« Mnoi. 

LKyS 100 poti of fomib K/1 emkifiod with 5 f l »ll■l^l^« of fclatb* du oJ i e il ia 
IM of won whh 0-1 fiuuiu* of todhnn menitt a piutriuha. 

1 At for oiber fimalse bm oelr { grmxu o of DDT dlt a t fi td in 100 ct iiiip ^ 

OD/lO 9 g T tmupj of DDT iktolrwl b 100 e.c of Diod foti od ttsbf mirfiita l 
cdmr Thk wat ogmltiSed wtdi 5 titaim** of joctl fian dhacfT^ b 100 e*. 
cf woci whb 0-1 tnaxnt cf todbrn owsute » prcMcntbc 
D/I 1 9 t r wLU Bei of DDT tOnfrcd b 100 ce. cf Ehod tati oO. 

SD/IS 9 c r muM of DDT diBofrPd b 100 ce. of Dk»d fn) cfl fmiWfb d with 190 

cc of tentm. 

^ anout p o j p o c ti opt of oouttu uoat ptme to dboate phnt wm avd* op tad tnttd 
0ut b ^ Ub mat ory apcrrmct. hUrturo cf PDT widi p a d B n wn, (rouadoat 
ofl. Kid with rob wore abo tried. It wap foand that imlm fairir Ufh panxatafct (30 
to 100 per cent.) of DDT w ci a uaed (bat (heap ■■Va— Duaied (ap affecta of tbp DDT 
Un fortinatcty tt wm oot pOKibie to tmaura asd lacord tba rtriout f petffifttio pa of 
tba karoaeoea aod DmoI oGt ot ed . Thaap varied arbh diffarcnt batebat of esabians. 
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<B> MiuctUKT TnruM &Uluu (Heir OubM ctnla* af Plo- 
trfM ftt dp anat) » » ^ _ 

(I) aoiaa xjji x n aw imcnoD dowq ttu nm 1 

Arm nrocna or na iioircwi to dotciitx ULMOurruo. 
(«) pTfawrr 
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8*CT»r« IIL SUMMART AND CONCLUSIONS 


INTRODUCTION 

'ITn* connmmicAiloo a chiefly coacemed with the nlof ot *nbiDOculali<*i 
in detennioiiif the Uotofictl ACtmty cod dutrlhcction of phumodU in 
the pardcnUr stage in the Ufo cyde of the pamlte oo which anti mtlana drnp 
act, and fakCrect eridence of the goatence of a Im nian anerythrocytic cydn 
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034 MA.LAWU traoMKcuncn nranntExn 

guDCtocjta md thor kx diffemjtutioa ms denlj ettzblisbcd before tbcj 
hmd e nl ercd the red blood corpuida. 

Htr?F »nd Couurcrt {1W4), by the looculiUon of grot namben of 
tporoxo(tes (P geUrnaetttm\ into localued skin trees m chicks desov 
stnted in dettQ the •chtsogomms cyde tn the rtticnlo-endotheCtl edh. Withm 
half tn horn* mocultted sponoatc* were thenrn to penetrtte the cefls of the 
reticiUo-cndotbelitl lyitem. TTie term oyptoxoftts ms suggested for oaiery 
throcytic pemites of the first cyde and lix term metscryptotottes for Uute 
of the tecend tnd sahsequent cycles. Not more thin ttro goiendons preceded 
the first ippexnnce of parasites in the red cdls m P fsihxscncn. Mon 
recently HoTP tnd CoUltfok (1&10) introdoccd the terra phtneromtes for 
those ezDcrythrocytic ptrasitei t^ch pemtted m the reticnlo-endotbdium tnd 
cndothelul exOt In P fsfSucnm. 

Davit (1944) suggested there may be primary and secondary “taso* 
phase ^ psiasites, bm bter (I&t6) sdopted the dtsinficarioo of pnmaiy and 
secondary e x oer y tfafocytic forms, the pmntry bong those which dcrckrp 
directly from the tporoseoite. The secondary emerythrocytic forms are the 
older fonns end are asuiUy co-ezitfent in the man host with blood paraates. 
In buds the seco ndary exocrythrocytie tonns may originate directly from the 
primary ezoerythrocytie forms or IniCrectly frem — blood parastes. The 
litter comenooo is borne out by the work of CocruTotr and Maxwill (1911). 
who pro du ced expmmenCtI infediOQa with P ammfltxim by the m^eeboa 
of a single parasitized corpuscle. As wiD be shown later the mdlable endenee 
does not supp or t the view that e.c. forms m man can anse from asennJ 
parasites. 

In the present comminucatioci the term pre-eiythrocytic forms rtfen to 
tmrij e.e. formi which are behered to occur in ™n in the fiat three or f«tf 
sc hlz ogocLOus cydes in reticulo-endotbcDal cells before blood forms sppesf 
ut the cryptoxohei and metacryptosoites of Hptt and CotiLiTCcr (19t4) The 
term Uit e,c. forms u used for those t.«. forms which are beCered to uerrut 
in renculo-endotbcGum or endothcUsl ceOs they corres p ond to the pDane* 
oaoltes of Hctf and CoCLiro:t (ItM0) or the pe at s te nt macrococfosoites of 
Rbchutow and Moiwow (1943) 

Faultt and his colkagocs (1945) recorded indirect evidence that these 
late e.c. forms persist in vtrax infec ti ons but not in faldpamm mil am in mu. 

TecHiaouE or SoBcrocuiaTiocr 

Throughout this pap er the terra sutinocoUticin ic f qs to the tisnsfer of 
whole Uood from a roh inteef srfao had been exposed to ex p e ri mental malans 
infection to a volunteer who had oever previomdy been ex posed to mfecdoo 
with the Spedes of plssmodhim used in the experiment and who, m consequent, 
hid been afiorded no opportunity of develuplng pre mu mty Previous worken 
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'Hiew rouhi iiulkste thtt id sporoxotte-liidaced Tirtx maliru ruble 
pDfoxottes maj filn xccen to the blood daHn{ tbe period of bltiag and be 
present op to at least 30 muutci after ccxaation of bitiog. 

Distbvct differences hare been noted between the ctrarse of the nnx 
infection in tbe dooart who rec^Trd tporoxates by moeqrdto inoculadoo aod 
the rcd{dcnti who f c ce ircd tporoxotto by blood transfosioo from the donor*, 
'ntcse (Terence* are probably related to the decreased dosage of tporoxoites 
l ete i r e d by the re dfu enta, and arc aommanaed in Table 11 

(«) Pn amy wttocfcr. 

Rdennt data arc pren In TaNo IL The chief difference noted between 
tbe reaplaits and donors are graphrcally depicted In Charts 1 2 and 3 (p. 623) 
wnA may be aonmuriied ■* follow* — 

1 The loojer penod tminfeat m tbe reespiena b e t we en cipoaurt to 
jofectioa and the appearaoce of tbe first demonstrable parastes In thkk blood 
The <Effemicea obterred were 5 3 and 24 day* retpeedrdy 
2. The ilower rate of irt cr ease m partaite densities. 
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at this early stage was undertaken for reasons not related to the medical urgency 
of the case 


(i) Secondary attacks 

The three recipients showed less liability to relapse, i e , longer penods 
of freedom and fewer secondary attacks m the period of observation Donors 
and recipients were given exactly the same anti-malana treatment which 
consisted of the rouUne Q A P course* with or without atebnn maintenance 
One reapient (No 2) of 500 c c of blood had a secondary attack of wax 
malaria after ceasmg a standard course of treatment wthout atebnn main- 
tenance This attack occurred 291 days after ceasing therapy for his primary 
attack Neither of the other two reapicnts, who developed pnmary malana, 
had developed a secondary attack In contrast to this, all the donors had 
secondary attacks One relapsed on the 49th, 156th and 256th day, the other 
two relapsed on the 85th and 119th day respectively 

(c) Atypical clinical syndrome assoaated with blood transfusion of sporozoites 

(P vivax) 

Perhaps the most interesting case was that of the recipient (Bun ) who 
received 500 c c of blood 30 minutes after exposure of the donor (Hal ) to 
infective bites (Table I) , he subsequently developed splenomegaly, hepa- 
tomegaly, some degree of leucopema and occasional fever to 100° F (Chart 4) 
In spite of frequent exammaUon of 1 to 2 c mm of blood m thick blood films, 
no parasites were ever demonstrated Neither injections of adrenalin and 
insulin nor chilling (1 hour at — 10° C ) produced chmeal or parasitological 
evidence of active malana Subinoculation of 800 c c whole blood on the 
67th day after the imtial exposure was negative, the recipient failing to develop 
demonstrable blood parasites or symptoms of malaria 

It IS unfortunate that subinoculation Avas not done earlier in this case, 
I e , between the 35th and 45th days (sec Chart 4) for at this penod there was 
suggestive climcal evidence of malana, and it is not unreasonable to suppose 
it may have been assoaated with a subinicroscopic density of parasites which 
subinoculation might at that time have revealed even though careful micro- 
scopic examination of the blood failed to do so At other times the climcal 
features may possibly have been related to the activities of an exoerythrocytic 
vivax cycle wluch will be commented on later 

Thick films (1 c mm ) were examined daily from the day of receiving 
the inoculum to the 30th day thereafter with entirely negative results Up 
to this time there was little, if any, evidence that malana infection had resulted, 

P o*j^ ^ ^ course The standard course consisted of quinine sulphate (grains 30 daily) 
tor o days, atebnn in dosage of 0 6, 0 5, 0 4, 0 3 and 0 2 gramme for the next 5 days, and 
quinine (grains 15) and plasmoqume base (0 03 gramme) dady for 5 days Atebrm main- 
tenance consisted of 0 1 gramme daily for 42 days 
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tnd the blood wu not examined £ram the 31ft to tbe 34th dif On the 35th 
day bowcTtr there w*» fcrer and aplcnonicgaly and re-cxammatum of the 
blood commenced. Dally obaerrationt were Trad^ from the 3Sth to the 
dayt, and atib te qoeptly three tnnes a week until the 120th day — tgam with 
cntuely neganre rcxulti. Then he wxa cfiachargtd from the Mescal Reaearch 
Umt. For another 204 dayi he remained on the of AnstraEi. 

Tbrougbout tbia period he dereloped no oa ert malaria attacka, and rcmaiDed 
perfectly fic Unfortunately tome 314 daya after original opoaure to rafccnoa 
thia patient went to a hyperendemic area of malaria in Kev Guinea when be 
contneted falapinim malaria. After am intern] of 324 dap i.r 63S dayi 
Mfter tbe origmtl erpcrimental mfetakci, be wu broeght to Csunt let 
re-tnTe atl g atJ oQ, and here he denloped nnx malana after ceadng to take 
aupp rc aai Tc atebrm. It U highly probable that tMi ittarW of nrax malaria 
wta a re-infection tdimred in New Gtdnea, but it may hare been a late rdapae 
folknrmg tbe ongmal expenmen, til infection at Camxa. 

The caie u to unique in our experience that it U recorded in detail below 
(Chart 4). 

ToJuntaar Baa. malTcd SOO ct. of wbofe blood ^ dlroci rmn- 
tunoe freeo donor FUL t tra atf inp i n bawd 4 roltu Tin. nd cscnnxnctd w u t mutw fftcr 
the Int i floa ^ u itu emo rra d on tbe dooot. 

^nwr— KiL w«i bettao by fwtcaa A. jNwrndana pmtelwtwfin fafcetad with kUi 
P tftax aporoBOitn. Tbe mrewaita a(« «m e da7«, nfir^ ibndi vera bia\ Dy mbewd, 
and tfaa bat dan uaed w«ra a? per cmc kifcctnw. 

Onnr— tba fiirt tixudglit after iteihki f iba tbe u i ip fanti 

ro hia te er Pun., hid loaie tmiifnii of Ua iplBci) nd Imr but ao tarapnatura 
reaching 09* F or more ««• nxordod. He nwtqilifncd of bo ly Bip t um . No t w i uJWi t 
tlian gea were noced to vbiW cafl coKmti, nd cell ctuita, or ki ha anegtobto rakie*. 
Pare d tei wen Doi deamtreted. 

Duraig tbe teoond fortiugbl. no eramtotss, or hamaifefKal a»i d coca of mf 

abnormality wen recordad. Ddfy blood fibsa were u o fli f ti rrtn t b o ugfa a* ui a ch H 
1 to 1 ram. wm ki dock (Qma. 

Od tba 9lct day after mefriac hn be ccaplained of fwidirha. ud betwccs 

the 31 m and 39th day* had fraqomt beadacbea, mabne aoaw ai - mexi a md riia of terapera- 
ton on one uccaam to 09* F and oa anotfaer ncra d on to IOO-2* F HEa iptam we* firM 
p»lpaKU OB tba Silt day and by tba 39tb diy ws> aSvbtJy attw than me finger^ breaddi 
below the fefc coatal mar g m at tbe and of daap inapamm. Tba brer wei not palpa b b 
or tender at Ifaia thne. Tharr waa dednlta and marked kft afaift of pef y i noepho- 
F»wt.T Imcocytee whkb b mini'll ei Sodfaig at erttam rtagee ra maiana raXtetion. No 
were detnonatratrd ai thick bhnd Alon tbmttfa 1 area exammad daily 

B etw ee n Ibr 43rd and 83rd daya thara wea m oeeaBuea] t auipmt ara of 99* F and 
on tba 79ib day of 101 F SymnCorB* vara mbisnal tod rw tnc ta d to m tM-u aia id 
Tbe ipfem wai pafynbte to two fiofira braadih dome period tiu\* 
lu tw eca tbe Slat and 54ih dayi and Slat and 63rd dayi wbco it we* palpable and firm to 
tbm fingeia brenllh b e to w tbe left coatal me gin at tbe end of deep ouptntion. 

Tba brer waa brat dc£nit^ palpahlr on tba 45th day and iiiiniriiil patoaUr doiiet 
tlrk panod <d j a., to tba S3rd day actendaig to taro flngcia breadth baiov tba rigfal 
TiJw.f-t.1 ■l unt ii b a t w nB tbe 57tfa and S3rd daya. At no tunc waa there any mb. 
or any ayraptom or ai(B aogreetmg any aUarcumait aifcctioti. Tba total wUtt cdl 
coont i i-n u aw d rektirely eortttant md tba hft ibaft of the pofyinoipboetndaar 
leucocyte* par awt ed tb njug bo u t thu penod. i b ow aii but mmor Tariatlom. Thera a a* 
•oioe ki hamxwifb*! ^ bubal aakM waa 16*3 g mani aa per 100 cx., on tba 4SDd 
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dax It wM 16-0 per lOO cx^ hy die 71a dry it bed bOatt to 12 3 tl'■wl^| (n 

par 100 tt 

In m at fcnpt to ntduc* an attMci of irairrii 0-5 cx. of adnoalin (l/IOOO ^^^fcTrin^l 

Cl'tn a*cb hoar for 4 boon oe. the 80th day Ttsia nwda tia ^oiuivtrcr sbdi; ad 
cbOraasad, but no paruitea m* fWmooati ated oar was pytaxia proickicad. Od tfaa 
dry maolm v« fhon and tha blood aagat reduml to 80 par 100 cx. iHtfaout 
oo ha fcnaril conditlaa, tad again parathes not dtoanatrated. 

Od tbe S8di dry die Tohmtrrr war ki rrlrigetatkai dumber at tenpentora of 
— 10* C-, dad aoiy in tiijuaai and boiOB, aad atayod tbera rnhstarily for 1 hour 
minkml moT Cnj aat. N fvrer or otbar eridrace. eaCfaw i-lmlfal or patfaelockal, of wdn 
malaria raaulted frcBi thia cMIBnC- 

On tha 87ib dry BOO cx. vfaoW blood Meia tnmftiaed into anotbar to hiutacr the 
t ranrftnfari occum ktg 6 tngattta. Tbia acma loaa of blood did oot pcoditca C117 erldeaca 
of makiM in tbe oooor Bun., end tbe redpfant aboaad 00 eridcnee a haring r a ij fre d msj 
malaria paraartBa aa raaoh of auUaoadatnei wiib tbb latg* mtma of blood. 

D atTf ce p tbe SSrd and 12-lcb dryt an ocradonal naa of t mjp e iaia ra to 09* F owl oo 
one o cc a t Kat nae to 100-4 P we l aowded. Tbe ^jlaao and Ih«r gtadtofiy becam* 
KaaOer nvl finally were kipalnabla. Brmptxam dkappcartd and tbete waa an itsptorr 
ment ki haamofkibki ratua whldt laaenad H 5 fnas&ea per 100 ox. oa tbe S5tQ dcy 
Tbe pol y m o r ph a rwlra r left tfalft ‘'*'*TT* *" * l aed tbe vehmteer waa dja cb a rged from 
tbe aapcrimeot apparently arefL 

During tha aubaecyaent ^OQ dan the mkmtcar pariu c m ad tba ordiaatT dntiM of kn 
amt and «ai not admlned to axdkal amt on any octa ai oo (total paood of 334 daya text 
Hcal rlDg tba o t t go ta l tnocufazm). Ou ba t iaoantH ha ymnt to New GtdDea. 

H had one attack of falaprrum maUria lor wfaicb be t tca irad tbe Oaudanl ccnar 
of tnatraenL He <Tr]tii.ajrtl wro aiptiiaaalia atabrin, 6-1 ir ttuto e per day and frijamed 
mdl. H w«* ra nhufiii'rl to tbe bvtdlnU Paaaach Umt at Ciam and eeaaad til^ 
atafar^ P,t adfluai m wa» C8 daya after tba orlgtnal gpifiiMat i he had apes 1 314 den 
ki Naw Ouiaea. 

Ob admitnixi hb «Ua abowod tOgfat afitbrs) ecahuDg Hi* apleaa and Imr wen not 
palpable. Oa daa 4<h cad 5th daja after a dinJ uii 'r i ibm am ttndemaaa neat tba Bttr 
and thb aign waa «5dtad again on tbe lltb and L2lh diye. Nkacara dm after amkic 
a t ab i t n a up p ata alco hb temperatara roaa to 88^ P and ba had tr*nr^ of 1^ tbe 

bead. Neat day tba tem p eratore raae to I0I-6*P and be rae a t ad m K ML On tha 
foDowkig day— the Slat amca ramrirm of atebeia— Hi o pbcmf tea of P cfnax we (ouod 
m thn iSok On dd* day hia aplem barairf* palpabla ml It IniTrawif in tba uBtd tbe 
Btb der after dw ftra n.ipaai anta of paraartei when it was aligbllT more thao two fingm 
breadth bekm tba coatel margin. Tbe bear beam* tender agim but «aa not palpably 
edargad. Tba tgnper mt ufa ioOoarad tertas enuna ami traatment wt* commaxad on 
tba 9tb day after tba fint appeataoca of 

A eomaa of pafitdrirwi. 1-0 gra min a par day for 14 daya, wM giraa. Tbe ^daen 
aubtUad but am joat palpahl* at (ba coaul isatgin when ba am dixhargad at tl« and 
of tba cotma cf ti a atmmt . 


CowmtnL 

(I) No prertou* obaemdon* oa aDbmoculatiQn at tfao rime of bidiig or 
abortty aftcfovd* ■ppe*f to b«n made m man, but BoTD axid STgiTioUlf* 
Thoma* (1934) ahoi^ etpenmenuDy that exmatn cf the bjtten area a fe* 
momenta after inTcctivo mocqtntoca had enjorfed did not p rerre u t In/ecdon 
they condoded that m aoch ca*ea tponanftea were injected direedy into tbe 
blo^ atrcain. They al« found that when infcctiTe moaqultoea were applied 
to the akin of a btlct^ rxlaed by the appGcatioti of canthandea, malana iofcctkn 
foflavcd tbey condnded that aporaxcata inocoiated into the dnuea cordd 
trirrrrae lie tiaanei and gain acceao to the drcnlaUnf blood Our obaemtwea 
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, ihn to nns I'C inociihlrd Jirrcth 

on sulnnoci.b-ion nip5v,- l 5 -c mc s J ^hc 

mu* M<x.d \c'^rl ^r.l M.biuii mon. ti'^uc^ Htc 

nrwnihuon ^ftcr brinq .nivmUtfd i ^ ^ ohtunrd m thc-^c 

jminlar truU- '. miV* u^c-ib lon . , un 5 *'r um-- b\ mu qu>t<*- 

c*c}Knmrn:< cxpl.cJ'U *‘ ,,,11 ,.t :htr Mood ^c cl-* 

,m>..ihtrd ^-pormono m tra^t *i innr nJ en u* rcm-.vc 

r.runc .cco ...thchum 

ihcn fr<^»ni CJT’cul'iUnt, l> t % i i iif r iiii^inlc*-^ in mv tnilini 

(d) Bo^t> v.>-K*tid''d ilut Ihr d-*v 5 J.| 5J,J. diinti(*n 

,' .cr.fK-n- 7 -’f '.“; ■ „f 

r>f th- clnaal nii.d ;:p''orrd u* n * u v ^ ^ ^ ,„ol.il>h 

nnd m%xot-K \ui\ ilu iiuol^am* p tuM mfrctrd m'xq'Ut'if 

„mn .o.rcnid ir .u --p-c t . tcMiU of u.rnt 

tlun poM.-mir- *rr t < o .rv u* c.uurc n 

cxprnn'rm . Mip.; - tl‘ t - » „ i, „hrn th' 

normM u a.h * «n p'-r.-^i 'ud ’l«^t ti.a Mror 

•,p;o’o tr injcvt'-d ire !o<i fca ’<» . . jitrrr- aI Curn , iiidtc^Urd 

mnh,., ^ h,cl, ««= dr,^-,d-u ... !t.c .m>llnr . . ■ : „,,„„„„ „f 

Inud p'o\idcd tno'c linu tan m>*'’quiu,f- \wlh ( 

the <^ll\an pland'* Ind mrnrpcd ,i,,nnt' the not hour after 

In the M.h.n.icuUoon ^^p^ntn^nO j>rrfo^n.rd 

exposure of the do >or to hue of no* qu.too th- 

ditTaaiccr hctuc^n donor md recipient' a’.crr, hoac .. , 
pnman jtnci and m the tendenev to second ira atiid ^ dunpo 

If It he a- limed that no -1, nificunt modifaUn'n or dc\ i . 

hew ocoitred in the ^horl i»cnnd of nmc the rpnror.*itr'^ ase. 
the Wood of the donor and the rcapicnl before awumi iR 
locniion. then the - olrera Uions on the donor-, and rccipicn J ^„l,,cqiicni 
that tlic diac of vporoeone nu\ mniicnec the pnm *ra altaeh i d 
hahihta to have «econdara attach It .• certain that t u recipient, had a c a 
much ^malIcr do’C of -poroeoiten than the donor-, for the I.UU r rccci 

to laacnta-onc mf< ciiac hitc from mouniitoi a\aih medium o ^ 

infection of the ••ahaara pland On the other hand, the 

one-tenth to onc-t\acnta-fifi!i of the total Wood aohiinc o t u t . p 

in a fcaa minutes I Iv ac.i, .1 do.arc rcec.acd asould a ara 
f.pnro/oitt^ in the donor''^ Wood at tin eoinmcncemcnt , 

number of freh «poro.n,t< ., pnm.im access to the urculntion ' 

culancou*^ U'l&ucs niKl the mmiht r rcmo\cd from the circu ilinR 
rcticulo-cndothclium durmp the trmsfuMon , 

('!) Ihc atapical clinical randrontc described m the rccipicn ( ,1 

also be related to small fiporo7/iite dosage, hut here it is possi c an a 1 


t3J XAUBi^ •rvnroccu'mci rmsumm 

^ctor rel&tcd to adilzogaDj of tho e.c. fonn> nay be InTolred. If e,e. formi 
In P ctrax corretpood to tho«e obocmd by R»aDTOW ajad Moiiiow (1W3) 
In P prmecax in oufici the hypertrophy of reticulo-eiidotlielnim with 
tpjenomegtly tnd bepstomegtly uruMOcut^ with orert atticks and pinaitea 
m the blood it cxpBcxble on the oafunipnao czoerythrocytic Khlxo^paiy 
did not proceed b^nd the proditcdoa of mamwcfaizonta tnd naeromer cxo ita 
which tre confined to reticulo-aidothefiam, or If tmcrameroxoltes were pro- 
duced theirpumbef tnd TitaEtyweteao redoced that they pgvCTtHiinedtdeiWty 
demofittnbk by the microtcope Failure to produce viable mJ c rociaa ro Itei 
would account for the aheence of asexual fonna in the red blood corpoado and 
orert attaclu of makrjt, while pcogr tati re Inroireroent of the rcOcoIo- 
endoth^um by mtavnerozoitea would erplafa the tplcDomegily «tw 4 
hepttoisegily If to toch mxterui abould prove idnl for atodying the csxry 
thiocyUc cyde. A more prolonged aofourn of tranafuacd tporosohea ui the 
arcuhting blood of tvro Inttetd of one indiridual might occttioaally lead to- 
curtaded development vnthln /ebcolo-eDdothcBal cella along the Hna indicated. 

Ihe caac hirtcry ii undoubtedly one of couddcrable intereat tince ajcoilir 
atypical dfarieal ayndromea wHcb hare Utbmo mraincd unrocogiuwd may 
be occumng in ttacuraliy aeqtBfed infeenooa under cooditJom not yet adequrtdy 
atudled. 

In nature vinz malam infectMo with aporoniie dotage Is meet 

Hkely to occur at the end of the malaria eeaaon when anopheUoe populfhOQ 
deerooes and the detalty of aporostate infecbona of the tahrary glanda teodt 
to be mirtiintJ, fipoottneoua auppreanon of the prnuary frrer and the poat 
p one meat of die ore r t attach for periodt of 6 to 6 montha are recofuiaed to 
occur in Europe and ela e wfaer e under aueb arcumsUncea. Here the age of the 
aporozolte as well aa rmnnna] dotage may be a reaponaiblc factor 

Other obtesTtdons at Curna suggest tbn an iacTe»e in the eponnnte 
age Of a decrease In the number of InfecUre hltsa to two or leaa produces a 
similar rctuh- — naroriy fewer inoculated estU# spor^amtes 

(2) guBOiOcvixncsn rairouaD duuho thz raarr 11 d^ti irm Etraccrir 
or TKB DOJWO TO DOTCTIVI UO»QOITOII {P CTtWX). 

Two g r o u ps of donors vrerc Inrcatigated frean tbls r ie w p o in t. The fi™t» 
Group A« reed red no drug treatment until after overt malana had derdoped 
the aeccDd, Group 6 were tahisg daily dotea of atebnn or rsiioua vupptesalre 
drugs vdth a snnilar t chirovi tiodil acUon, ut quinine, soutoefain and resoddn. 
Resochin (S.NJ818) it oovr csQed chloroquioe or aralen. 

(«s) Gromp A — Cmtrois 

TTie donors fai Group A were exposed to biting from two to lOI /f. 
tuJMtms fvMctnJMtms infect^ with nable sporoxoitea of New Guinea strains of 
p nrax at utgle seaalcms lasting 10 to 20 ndnutea. Tvro indlriduals receircd 
two infeenre Utea, twdre rccerred from ten to nineteen mfeenre Htea, whDc 
one Tcfuntecr tctusHy recared 101 Infecttre bites at the oae sesdon. 
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The batches of mosquitoes were from 58 to 100 per cent, infective (average 
■00 per cent ), the gland infections were medium-heavy to heavy except in one 
batch in which they Were hght, and the sporozoite age was 2 to 14 days (average 
7 days) 

The detailed results m this Group A are given in the accompanymg 
Table III It will be noted that eighteen out of eighteen recipients received 


Table III 

GROUP A CONTROLS* SUBINOCULATlONS PERFORMED DURING THE FIRST 11 DAYS AFTER 
EXPOSURE OF THE DONORS TO INFECTIVE MOSQUITOES (P Vlvax ) 

(single exposure on DAY 0 ) 



Sub 

moculation 


Recipient 

First 

Time 


Result 

First 

parasites m 

parasites m 

after 

Volume 


thick blood 

thick blood 

bitmg 

m 

Positive 

films 

films 

ceased 

c,c 

(+) 

(days after 

(days after 
infectioh) 

Days/hrs 

1 

Negative 

(O) 

receiving 

blood) 

10 

1 

600 

O 

0 

11 

2 

600 

0 

0 

12 

3 

600 

0 

0 

12 

4 

600 

o 

0 

12 

6 

600 

o 

0 

12 

6116 

200 

o 

0 

12 

6/16 

200 

o 

0 

14 

6 : 

200 

o 

0 

12 

6 

200 

o 

0 

12 

6/14 

200 

o 

0 

12 

6/14 

200 

o 

0 

10 

6/14 

200 

o 

0 

14 

7 

200 

o 

0 

12 

7 

200 

o 

0 

10 

7/14 

200 

o 

0 

12 

7/16 

200 

o 

0 

12 

7/16 

200 

o 

0 

9 

8 

600 

o 

0 

12 

8/14 

200 

+ i 

12 

12 

8/19 

200 

+ 

s 

12 

8/19 

200 

+ 

12 

12 

8/23 

200 

+ 

6 

12 

9/23 

200 

+ 

7 

11 

10/14 

200 

+ 

10 


Name 


Whi 

Hal 

Hea 

Hea 

Ric 

Dai 

But 

Hem. 

Vos 

Tol 

Wic 

McC 

Hem 

Vos 

McC 

But 

Dai 

Jon 


Bea 

Tol 

Wic 

Moa 

Mog 

Mof 


Donor 


Number 

of 

mfectii e 
bites 


12 

14 

12 

12 

13 

10 

10 

19 

16 

10 

11 

101 

19 

10 

101 

10 

10 

17 


10 

11 

12 

11 


No treatment ivas given to any of these volunteers until overt malaria had deieloped 


















630 / wti4WU iCBcrocaATiax rcnniJtcm 

200 to SCO C.C of Uood collected 1 to 8 day* after expomro of ibe donor* to ten 
to 101 infectire Utea (P orroz) «□ die recipient* faQed to derdop ttt*i 
milxruL On the other hand, fix oat of six rcdpicnU of 200 c.c. of Uood. 
collected 206 to 254 hoon after ex pos ur e to two to twelre mfe ctiv e bite* 
(P orcea) developed demonitnUe paimte* m thick filrra aome 6 to 12 dry* 
after the transfusion. 

(&) Group B — PrcocTV npprtsjjv* tdaseitixiJaJ irmp 
These Tolunteen were biaen by two to fifty A pnctnUtmt pnetMUba 
with sporozoites of P mwz (New Guinea strxuu) in theu* aallnry ^mdi. 
The batches were from 60 to 100 per cent InfecdTO the glsnd iofectkiai nned 
from light to rciy hcary and the sporocoite age was from 2 to 20 day*. 

yyte detailed resuhs m Group B are grren m the accompanymg Table IV 
It will be noted that five oat of fire rcaplents rf 200 c.c. of blocid collected 
from donors some 162 to 183 boors sftcr exposure to twenty to twenty*t«o 
infective bitea filled to deveiop Trvai nalana. On the other fc^d, twenty two 
oat of twenty-two recipients of 20 to 200 cc. of blood, collected 206 to 21 1 
hours after the donors had been exposed to from two to fifty vafectrre betes, 
developed vtvu malaria peradtes in ddek films some 6 to 17 dap later Thlt 
occurred despite the ^ct that the donors were tabng daily dose* of snd mahils 
drug* adeipiate for s upp re ssi ve purposes 


(e) Cotdimfi rtsnlu 

The nauiu of tuhlnoculctions obtained in these two groupi. Group A 
and Groop B and detailed m Table HI and Table IV res p ecttvely hare been 
condensed in Table \ (p 638). 

It wiH be seen from a pmnal of Table V that the blood of twenty-three 
out of twenty three rolaoteer* collected 1 to 6 days after exposure to sporozoite 
Infechoo umformly faded to tnmsaut malana to the rcopienta, while the blood 
of twenty-eight Infected roluntecrs coOected from 8§ to 10 J days after eiposore 
to Infection, Inranably produced orert malaxu In the reapleaU. Umfotm 
results were obtained in the two groups, A and B and it pnrred immaterial 
whether or not the votonteers w q e taWg sop pruai re drugs of schlxoatundal 
typo over the period under cacuaderatiaQ. 

The carficst podtiTC subinoculahoos occurred on the 9th day — some 206 
hour* after eiposnrc. The latest negative suhmocolatioo was obtained cn the 
8th day — 102 hour* after exposure. Thus it tppear* that the fir« genciitioo 
of erythrocytic piraatcs of P creax (nncromerozoltes) were first released Into 
the arcnhticin between 192 and 208 boura (i./ days) after mocnlstioc 
spocaroites by mfcctire mosqmtoe* (Chan ^ The cmgmal sporozoite* after 
gaining to the ctrculstloo appear to be rapidly removed — probably by 

ti* reticulo-cndothdhjm analogy with cnan malaria suggesta they undergo 
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iuLuu\ icMMogmTKa Exi>auHDm 


SU 


■ncxTi Of FifTrHjti KKNOCcnjiTisn mranoD mihlu* the Ivt ams lln un irai 
■macu Of vouamm to KOOQcma mmm wm ^ t^Mx. 

(Wnn A AMD 


Deja 

Group A. 

Onnp B. 

gs 

Nmbar of 

RodIil 

N«nl»crf 

Reaalci. 

B9 

ttOBA. 




PO^A. 

N»iwrr«. 

B 

H 

H 

■ 

H 

H 

B 

B 

Wm 

B 

B 


B 

B 















H 

H 

B 

B 

H 

B 

B 






10 


•i 



0 

19 

19 


1** 



0 

- 

- 

■■ 


tt 

• 

!• 

97 

29 

i 


an satnceQalAT tdinofoaoui cyde with the production of cr^ptoxoitc* end 
metecrTpCoratet. If the pre-cTythrocytic Ac ha oyocom cycle Usti ippnxn* 
mately 48 hour* (u hi the fcroal erythrocytic cycle), the fiiypty fngett 
that thet) vould be four complete cyde» withm the endothelU] ri^i before 
the firit erythrocytic pamitea (mi cr o mo a m i tea) were Ubented Into the Hood 
a tf c j m. 

One Tohmteer (Jon-) who vu haruif no rupprcaaire dmga, recared 
•erenteen infected beta from batebra of A fmMctvlMtui pttwctvlatia which were 
40 to 100 per cent infecnre with aporo ac atea 2 to 5 diyi old. SoHnocolatloo 
of SOO C.C. of h« Hood 192 houn (8 dayi) after cipoaure to Infection «** 
DCfitire, but a aingk trophoioite (P nrex) vaa aAn m a thick blood £hn 
collected 24 hoori later tr 216 boura tita expoaure to mfectioc. Tboe 
obaerrationi *ugSt*t iJt** • rdatlTely luge nuxober of erythrocytic pirwitt* 
were Dbented from the pie-eiythrocytic or early cj fonm aome 8J day* 
after inoculation of tp oro ao rtea. It ta noteworthy that though the nomber «f 
rnffg U T c bitea glrcn to the donon raiied from two to 101 the do«®e 
aporaxoitca <£d not influence aobtnocnlatioo rexolta. 
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HAi^u imxoctLATicnr KmxiHum 


MO 


Piiaiitci of P rrrax were fim demoastnted ndcrmcopKilly m fi}mt 
to the order of 1 per cmm. on ta trenge of 12 daj< efter expoftire, tbe noge 
being 10 to 17 dxjt. Tropboxotte denstics were obxerrcd gradoiJlT ^ lacrme 
in tbe nugonty of Tolonteer* tUl a dmaity of 2,580 to 24,000 per e-mm (mean 
of 8,270 per emm,) wi» retebed on the day of fir»t tbonpy The curre of 
Incmnng paruite deofitict xru tlgmoid in form (Chart 5) tbowing i trlxtiTtly 
alow Initial and final rate of increaae with the moat rapid rate b e twee n tbe 
12th and I4th day By the lOih or 20th day therapy was imially required, 
the B\Tragc being lO-? daya after expoaure (Umjta 15 and 22 daya) By tbu 
time the Tolunteen generally had aympinins of lueh a degree of aerenty that 
It was conaldered undeatrable to withhold therapy further \Vben treatment 
wia withheld and the riraz infection waa allowed to run its namraJ courae In 
the expentnen tally infected roluntcer primary ferer perauted for aereral weeLi 
before apontaneoua remiadon emued. WiUi the eatabCabroent of pretnimlty 
febrile attadu ceased but at timea panntca appeared In the blood and were 
readily demoostrable mkroacoplcally and unaaaooaied with major riimcal 
features of malaria. 

(d) Nttitrt of BuZuna aMwJb ta rtetpinU tiAooatittjom 
Tbe pontlre reapiena aD derdoped typical attadu of tropboxdte'lndaced 
Ttrax maiana. Malaria parantea were first dnxumatnted In ibe rtopleBts 
bet ' A C tn tbe 6th and l2th dxyi after teedeing their inoenla. This isdkstcd 
that between three and acx tchizogoaiea occurred before auffident parantea 
were present to be demonstrated In thick blood filma when 1 cmm. u examined 
duty 

No signlScant difference between the behancKir of redpienta recnring 
tbar inocula earfy 8^ dap) rather than Ule (>.e lO^ dap) has been 
ofascTTcd. As ■ rule trophamte-indcKed Tirax malarU ia radically cured by 
one course of treatment Howerer one renpient injected with blood from 
Donor 4 (Noa.), collected on tbe 9ifa day after exposure (215 hours), derdoped 
a seCoedarj attack 26 dap after ceasing a courae of quinine tulp&te (gramn^ 
2-0) and platmoquine base (gramme 003) daily for 10 dap. 

Secondary attacka hare oot been obserred in the other fire positirc 
redpents of Group A. If tt la chaiacteratic of redpenta of blood cootalrJog 
firat generatKia erythrocytic parasites (P ewax), mi cro meroaoite* to bars 
secondary attacks after treatment, would differ frm numerous other 

Tohmteera who hare bad pnmtiy tropboroite^duced malana following iojec- 
qoq of blood collected at a htcr stage of P ncsx malina. 

B, MAUtutAJtT TEXTUit Malaxu (Ntw Guinea STtAto cr P faiaptnm), 
(I) rcuctoctnjtTiONS nsraxMiD Doamo nn mxr 2 bouxs Arm 
ElEOJUKE or THE DONO« TO WEtCTm UO SQUI TOEa. 

Dooocs were exposed to aereo to twenty A. pmKtmUtn fumettitW Infected 
with nabfe tporaxatea of New Oninca atrama of P fgiap^rmm at nngie sesdocta 
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lasting 7 to 15 minutes The batches of mosquitoes were from 35 to 98 per 
cent infective, the gland infections were light-medium to heavy, and the 
sporozoite age was from 3 to 19 days 

The results obtamed in these subinoculation experiments are epitomized 
in Table VI 


Table VI 

P falciparum malaria, subinoculations performed durino the first 2 hours after 
EXPOSURE OF DONORS TO INFECTIVE MOSQUITOES SINGLE EXPOSURE ON DAY 0 



Donor 


Subinoculation 

Recipient 


Number 

Duration 

of 

First 

parasites in 

Minutes 

Vol- 

Result 

First 

parasites m 
thick blood 

Name 

of 

bitmg 

thick blood 

after 

ume 

Positive 

films 


infective 

in 

films 

bitmg 

in 

(+) 

(days after 


bites 

mmutes 

(days after 
infection) 

ceased 

H 

Negative 

(O) 

receiving 

blood) 

Stw 

12 

6-8 

0 

dunng 

bitmg 

600 

o 

0 

Bn 

18 

8 

• 

dunng 

bitmg 

600 

+ 

11 

Aus 

12 

6-8 

11 

7 

600 

+ 

13 

Stu 

16 

16 

10 

10 

600 

o 

0 

Tre 

7 

7 

11 

16 

600 

o 

0 

McD 

14 

13 

• 

18 

160 

+ 

14 

Stv 

7 

10 

11 

20 

600 

o 

0 

Ash. 

24 

8 

9 

60 

600 

+ 

12 

Jac 

18 

8 

8 

60 

600 

o 

■0 

O’D 

20 

6 

(16)« 

120 

600 

o 

0 


ll in >0 r . . 1 oj 

Given paludnne before the development of demonstrable parasites 


(a) Primary attacks 

It wiU be seen from data presented in Table VI that the presence of viable 
parasites in the penpheral circulation was demonstrated during the actual 
biting and 7, 18 and 60 minutes after cessation of bitmg As with vivax malaria, 
it IS assumed that these parasites were sporozoites 

The primary attacks of malaria m the positive recipients did not differ 
sigmficantly from those of the donors beyond showing a longer incubation 
period P falciparum were demonstrated m the blood of donors between the 
8th and 11th days after exposure, and between the 11th and 14th days after 
the reapients received their inocula 

No opportunity of studying secondary attacks of falaparum malaria was 
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KiuAiA ttntxociUTnM nraumim 


foTtbcDntiiig, RQce both the dotran «rid rcdpleiiti were racDciUf cured by 
trntment duiiof the pnffi*r7 itticfct. 

( 4 ) Atyf^ctl ebxittd tyndnm* maooaitd tatJt blood traMjfasum of sporonttn 

(P faldptrum). 

Odc redpiezit (Woo.) of 500 c.c blood (nncfuted 2 houn tftcr expoturt 
of the donor (0*0 ) to inrecthe Utca (P ftkjp*nam) dereloped a rimilif 
ijndroiDe to tbit alreadj deacnbed In the ac^on od titu maLiri* (rduntecr 
Bun.) 

Volcmieer (Woo.) derdoped •pIenomegal<r left »hift of the Qcutrophfl 
leucocTtei, end mild fenr Rep eat ed exanuntdoDs of 1 cmm. of blood m 
thick fiJzca Derer rereoJed P falapanm paradtea. 

SubmoeuUzion of 200 cc. whole Mood on the 63rd dij after the bdtul 
expoture am negattre end the condidon terminated in natural cure. Ha cue 
Urtory ia appended. 

Vocowrm — ^Woo (Caur 0X 

/W«ctiat.-~Thii rokratar f » cn«d SOO ce. of whoi* blood hj direct tnaafiakp 
Cram oomr 0*0 3 hann after bitatc. Doaer O'D wu him twenty A >WKndaix> 
p m fOdttv fctfeqed wttfa rkblaP /ai ^ pw— y ocoro ta . 'Hw iea«mlta an waa 10 day*, 
tha adlTary eland* haerfly faxfeeted and tb* batch luad «w 05 par cent mfaoad. 7^ 
doner 0*0 daralapad detaaoftnble bbod paonftc* «<) ibr 15ih day 

C«ma. — I>rr^ the Am 9 «ada after recrirgt the the ralonteer bad 

■ •wxtrt'in i l riaa* of tempxrtBir* to 99* F bur there <«*• oo tendemi of i^^ieea or Um 
H coenpUaed of no ly mp to u a. Paruke* were not dtiacanczahla fCiart 8.) 

On the 24th day tbrre -was riaa of wxcpaatur* to tOCH P but the ttkatieet ctan< 
plained of Oo oxatrtiiti opal eymptema H old. bowvrer taperienee diifiijif *ar>wrfc~ai 
B die left bypoduTBdrkiin. The iptMii w«* paJpehle whh ha bw border one finfer 
bnedtb below tb* coctel tnaiyn) at tbe eod or inapnilaa. llM iplem remained 
palpahl* untQ (ba 39ch day Tbm ware no further ayenprona duriof tha period and 
(ha t cn iperttute did caot t(tin nee «bo<re 09* F There was nfrdfl ajnt left th^ f 
pcf yn ioiTi hnrtiicirar k u axytea on tbe 24di day findiDf that Iwe cumm only been ohetrred 
at caitsh t rticfa b taekrta i nfecta et. N paraalte e were dwDOnstntad ki thick blood 
fftm* (1 e-ntm ) whkfa were Ttmaw l dhiJy frm the 1 llh to 3<Xh day*. 

During the oett 10 days there were f ret pm it nse* of t emp erature to 99* P Co 99^ F 
bat oo fympcnita were recorded. N per aait e i arete dqponjtritad fn tt^ filma ( 1 CJnmJ 
Tlw l^Bift of tbe oeotrapUli wee oot prcaaat on the SSdt and 35th dsya wbeo these 
namBatiaos were oteda. 

Tb* ^ilcan afam b e cai n* palpable ea tbe 99ih day and remained so up UQ tbe end 
of the 8(h week. It eaned kt acn Eroen beaif i>j*t palpable at the csatsl msiTB to tCtbtly 
oma thw one fin(ei bnedlh below the costal rmufkt. Thera were tr n d rni l rbes 
of Wmperantia to F but no wjvtp^oam. Tbe left shift in tb* polyrpecphonailser 
le u o o cy t ea raeppeared, bektf obsmed on (he Ord md fldtb day*. N parm*rte* were 
dwDCOEtnfiwf B dadc blood Alms (I carl) saaipB e d daOy fi een tb* 4Qtb to 4'ltb dry 
Sobecqiatady bkod film* wtra coC e rt ed daily but only exwnmed twn weekly 

On tlv 53rd day 300 ex. arbole blood wwa tranafined aato anotbsr oiuntcer wbo 
(krdcoed TB erttoe e of caakra infeeCtan. Tha epteen resiaared palpahh ontfl the 
dOtfa (ky and m pamftes wcrs erer demonstrited B thick blood fikna. 


A» in the case of Bun. (viTaxtnfecttoQ)ihe hypotbeaia luggerted in wluBteer 
0 D (falaparum infectiaa) b that the aporDzoitea had become attenua ted and 
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tupproKTc donge adopted la the prenoui eipenioent*. 'Him w« IOO mf. 
daily for atebnn, rraocirin or aontodhin, and 20 grains daily for quuuoe. 


(«) Grmp C — Cotrtnls 

The docors in Groop C wereapoaed toaeren to 100 A. ptptctMhixj fmact3- 
ImtMt infected with viable sporoxoltei of New Guinea strains of P ftJaptnm it 
tmgk sesaions lasting 7 to 11 mmutes. The batches of cnaqmtoes wen frocn 
35 to 100 per cent, infe ctiv e the gland infections raned from light r<^ P ir" 
to very heary and the aporoioite age from 1 to 19 daya. 

The multi obtained In these aubinoculadon experiments are epitomoed 
m Table VIL 
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It -Will be seen from a perusal of Table VII that submoculations mide from 
1 to 6 days after exposure of the donors to seven to 100 mfecUvc bites (P fala- 
panim) were negative in tA\elve out of twelve instances All twelve onginal 
donors developed falciparum malana, parasites being demonstrated in thick 
smears from 7 to 15 days after exposure On the other hand, it will be noted 
that m five out of five volunteers receiving seven to tiventy infective bites, sub- 
inoculations made 160 to 206 hours after exposure were all positive, the recipients 
mvanably developing falaparum malana 

(Jb) Group D — Receiving suppressive schizonticidal drugs 

These volunteers were bitten by tivo to twenty A pwictulatus pnnctulatus 
ivith viable sporozoites of P falciparum (New Guinea strains) in their salivary 
glands The batches were from 60 to 100 per cent infective, the gland infec- 
tions light to heavy, and the sporozoite age varied from 2 to 13 days 

The detailed results in Group D are given in the accompanying Table 
VIII 

It will be seen that submoculations made 5 days and 14 hours after 
exposure of the donor to ten infective bites (P falciparum) were negative in 
two out of two volunteers takmg suppressive atebnn In contrast to this it 
will be observed that in twenty-mne out of twenty-mne volunteers receiving 
a vanable number of infective bites (one to tiventy) while taking suppressive 
drugs, submoculations made from 158 to 208 hours after exposure were 
mvanably positive , the recipients all developed overt falciparum malana 

(c) Combined results 

The results of submoculations obtained in these two groups C and D 
detailed m Table VII and Table VIII have been condensed in Table IX (p 647) 

It will be seen from Table IX that the blood of fourteen out of fourteen 
volunteers collected 1 to 6 days after exposure to malana infection failed to 
ixansmit malana to th'e reapieh'ts, while the blood of thirty-five out of thirty-five 
volunteers collected from 61 to 8^ days after infection mvanably produced 
overt malana in the reapients 

The earliest positive subinoculation was obtained on the 7th day — i e , 
160 hours after exposure The latest negative submoculations were obtained 
on the 6th day — 144 hours after exposure Thus it would appear that the 
first erythrocytic parasites of P falciparum (micromerozoites) were first released 
into the circulation between 144 and 160 hours after exposure to infective 
mosquitoes 

In these mosquito-transrmtted falciparum infections it would appear that 
sporozoites gaming access to the circulation are effectively removed by the 
reticulo-endothehum , here analogy with avian malana suggests they undergo 
an intracellular schizogonous cycle with the production of cryptozoites and 
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Table IX 

RESULTS OF SUBINOCULATTONS PERFORMED BETWEEN THE IST AND OtH DAYS AFTER EXPOSURE OF 
FORTY-NINE VOLUNTEERS TO MOSQUITOES INFECTIVE WITH P falaponlnt (GROUPS C AND D ) 


Days 

Group C 



Group D 








exposure 

Number of 


Number of 

Results 

of 

sub- 



sub- 







donor 

moculauons 

Positive 

Negative 

moculations 

Positive 

Negative 

1 

1 

0 

1 



— 

— 

2 

1 

0 

1 

— 

— 

— 

3 

1 

0 

1 

— 


— 

4 

1 

0 

1 

— 

— 

— 

4i 

1 

0 

1 

— 



— 

6 

1 

0 

1 

— 

— 

— 

fii 

4 

0 

4 

2 

0 

o 

6 

2 

0 

2 

0 

0 

0 


4 

4 

0 

_ 

0 

0 

n 

1 

1 

0 

14 

14 

0 

8J 

1 

1 

0 

6 

6 

0 

Total 

18 

6 

12 

31 

20 

2 


metacryptozoites If the intracellular schizogonous cycle lasts 48 hours there 
would be three complete cycles before the &st erythrocytic parasites (irucro- 
merozoites) escape into the blood stream (Chart 7, p 648) 

The following observations were made on one volunteer, Rim (Group C) 
exposed to mneteen infective mosquitoes 

(1) 136 hours after exposure — ^negative subinoculation 

(2) 16CV hours after exposure- — positive subinoculation 

(3) 164 hours after exposure — rmg forms of P falciparum demonstrated in 

thick blood films to the order of 1 per c mm , i e , a negative sub- 
moculation (using 200 c c of whole blood) was obtamed 28 hours 
prior to the demonstration of P falciparum to the order of 1 per 
c mm in the peripheral arculation 

The observations on this volunteer strongly suggest that there must be 
a large number of eiy1;hrocytic parasites (micromerozoites) released from the 
schizogonous cycle of pre-erythrocytic forms at the end of the prepatent period 
In some instances, this outflow would be of the order of 1,000,0(K) to 5,000,(X)0, 
though it is considered that more usually there would be 200,000 to 500,000 
erj'throcjftic parasites hberated at the end of the prepatent penocL 
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number of titii pamites rewlung Tljc complete •btcnce of dnaonitrtbk 
Ti>ix paruitcs tn thick blood filma m two out three To^uotem u c poaed oo 
day 0 auggesta the Utter potalbiCcy aiimtarly ia natural infectioca with the 
two apcdca of PUnmoStm it it nro to find nrax ud Ulapinim pamtea 
togethw la thick blood filma. 

In the earlier atagea the clialca] attackala mixed iafectiooa did not matenaOy 
diflfer from infectiont with ooe or other apeaea of partalce, though when 
tropboxoitea of both ipedea were preaeat together the attacka were natorilly 
aevcre 

Secondary atUcki occurred in three out of fire Tolimteera they were 
caaoaated eidutiTcIy with P m*x panaltea. TTw two infected Tolimteefi 
who failed to drrdop aecorulary attai^ were obaerred orer i period of 3f9 
and 640 daya re ap cctirely 

^^'hlle taking auppretdre xtdinn, a dxth rcdumeer wn expoaed to both 
falaparom and nrax parintea oo day 0 Supprtaaton of hla dcwble infection 
waa complete and no panaitei were dcmonatriblc in blood filma while taking 
atehnn rubinoctiUtian on the 9th day howeeer prodoced falaparum miUrii 
In the recipient whQe a accoad fobtiwciUinoa ot\ the 10th dly In another 
Tolunleer pwiuced an orot attack with panaJlea of P nrar and P fdapsntM 
demoortrable tn thick blood rmean. 

The reaolta of luUnooilatioaa in thU rolunteer art of coodderaUe btemt 
The caae hiUory i« gl r en bdow (Chart S) 

A vohaiteer GJC «w ex uo at d t mabHa hiretn whib tifanf a ttttk i. H had 
rfcnvcd <M i r ami M dtih for 4 dart prior to caxoaura to infa.-ty'n ka order to boUd op 
tn adeq uat e conccstntion of ctebriB in the hiotxL 'Hie drug waa ceetiruKd in done* 
of 100 me da0r tha nart 10 dar*. On laro dar ha rfcelrad hrovtr UfetUra bfiaa, 
taa frem A pawrrahfw ptotrtaUtia hatboiriiw aporoxohra ol P ftidptnm fa tba laliTwr 
Utaod aod tan frem aDcMber batrii ot anopbUM moaqurtoea infected witfa P rfaaa 
ap of OKO ttaa. 

Tbare was Irmnaaent rtae of taenperatora to 100* F cn tfaa 17tfa dar unaaaodfted 
with dernoetrabte pafiaftca P bfaqd wneara and tfaaresf U a no mniflcint riae of temy cn* 
wM rrtiirded tmtd tbe 46lh day vfaan farcr cf tertian typa ifavefapad. Paraaltea of F rfc* 
«ara doi w na trated on the 49Th day wbai foO couna hf quinfaaHitabrin-pIawiioq<|faa 
Utatiou it was biatftiited. (Chart 8 ) Tha cowcntraiioa of plaacoa ttebrin on the 8(h day 
waa 38 rnKTcwranKnea, on the 1 Itfa daySOnucrofiwimwa. on the Hthday SBmicmrmnea 
wvlocdia 18th day 10 imuPCniiLLi** per Iitim. Eridefmy Una ccnceotntkp waa adeqoa^ 
to pmduce radical cure of tha Caiopfaum aifactaw p dia donor cit u tfaoueh tftfara i*aa 
ooh' admfaiatrrad for the ftrit 10 d^ aftar rapoaujw to fafectioo h failed, lamnar I® 

etacQeata the rim fafaction. .... 

On dw Stfa day faOowfac ar p e mr a to mfactna dirtct tranafeufan of 200 ce- of blood 
from Tohmtear GJl wai iJ>an to rohmterr W TJt- Chart malaria developed 6 d*y» 
Utar aawjciated with paiaattra of P /af r i p w w m Uddk bfaod amearv Treatment <n^ 
lacnced X daya later A funetoeyta wara faOowad eop u aepcmt on tha Utb day { by ri" 
tone the aatntal erythrocytic par a at t ca bad dlaappcarcd. N chrtlcal or paaaitefac^ 
cvldcTwa of rrmTEBlaria erCT dmrioped ID Uua ofuntecr (Chan 8) 

On tbe lOtb day feOtnrioeaxpoaura to aafccuon, aimilij direct tram hmon of 200 ox. 
of blood £rt*n Tofunttcr G H- waa rn en to ohmtecr D LJ CKcrt malaria with deiw<« 

atrahlc pamtaa darckned on tha Sth day and gu uc w co pieal axwematxn 

qucntly rr»aafad5a frfcaeoce of both P /afap aia w and P nrax Tra a tmcnt cum mee^ 
ontballlbday Camecocytca ftm tpp w ad on tfaa IJtfa day aod wera encatairtly prtaant 
£n» tha Ifch to tha JSth day when eramaialayi ceaaad. (Chart 8.) 
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Chart 8 

SUBINOCULATIONS FOLLOWING MIXED INFECTION (P falapOTUm AND P VlVax) 



?e“n ',’SeSwe° buSlp bites (P falaparum) and 

from donwT' R ?nl a Recipient WT H , transfused ^th blood 

r^t^hlnnrf ^*^*17’ developed M T malana only recipient D L F 

tombed wth blood from donor G H coUected on the 10th day, developed both M T 

infecn™ nJor to received atebnn 0 1 grammes daily for 10 days following 
I P exposure he had received 0 4 grammes daily for 4 days 


XAunu ftxnuMicu'naN 


ftU 


Cowmeui — It b erident from tin* tnd other rault* that la siml* 
taneoui infetnoo with iporoiotte-tranrailtted falaparum and vlnx malzni, 
the blood of the e ip o ac d donor coatalni oclj^ panntcs of P ftlaptnm oq Um 
8th day whereat by the lOtfa day parmtes of P emz arc alto preseiit — tfaoa|h 
only in tubirucToacoplc denaity 7^ rcault coostltutet a itming redhcatieQ 
of the fiaxfingi already recorded id roluntcer* experimentally infected with 
dtber P fulcipanm or P mwz apeaes of paradte. 

(D) PintcrmcBT Cunicai. Featumi Amociated wrm Scb 
M icaoeconc Demuthi or PAtustm, 

On an arerage pamitea are demoottrable nucroacopkally 9} dayt after 
Infection with P falap^rmm and 12 dayi with P mwx eren when at mu£h at 
I cjnm. of blood b examined In thick aiacart atained by Fidd t method. Then 
It thut a penod of aboot 3 dayi to wfalcfa paradta are preaent In a anbcucro- 
tCDpical demlty which an only be reveakd by rabuMOilitlon. 'nuoogbout 
thb period minor clinical fature* w er e freqitently rec or ded In thao roJunteoi 
aato^ted with certain haematological changa characterlxed by a decreate in 
lympbocyta, left pofymorphcnuclear abaft and relative Jeucopaua. Subjecthe 
tymptomt indude trantieiit beadachc, backache and generaBzed aeha and 
paina. Abdominal exambumon totnetuna reretb tendemaa over the brer 
and m the rionity of the gall bladder A alight temperature of 99* F oo one or 
more dayt wu not uncommon. Theae minor a yro pto i itt were tnndent u 
eap enin e nti lly tnfected rohirueera taking nppretaira drug* hke atchrhi Ifl 
adequate docage in the coo tr o b . howerer viw were rccnnng no dmg they 
incraaed in mteniity with the onaet of the ov er t attack when major aymptotm 
derdoped and paiasta became demonatrable in blood amara. Tbcae pre 
momiory cbnlal aymptomt, thou^ mild and transenl, w ere ao frequent 
m control rolunteera and thoae on auppraave achiaootladal drug* of the 
Btebrin type, and the hacmatologKal fatara were ao comtant, that it u diScuh 
nor ^0 ataoaate theu ongin with the prcacnce of aubmlcrotcopln denada ^ 
ptaranta which can cooCantly be rcrcalcd by aublnoculation. 
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SUBINOCULATION AS AN INDEX TO THE 
ACTION OF ANTI MALARIAL DRUGS 
There are aertnl potnUe ctaga in the life hutory of maUna paraslta In 
TTfn and the moaquito which may be vanably affected by and^malub dnigi. 
Thete mga are — 

(1) SportJioltet. 

(2) TT* prc-erythrocytic or early tc. forms (cryptcioita and mett- 

cryptnantEt). 

(3) Aaemial erythrocytic paradta — meroaoitex, trophosolta, achboou. 




KAL au tCSnOCCUTKTf XmiUMEim 

with matbeimtiaU rcgaiantj thoogh «t thl> rtage tb« 7 ' were g eocji Jiy pr a m 
onlj In fubmicroKOpic density 

Ijttt 1 1 Forms . — ^Tbere it erldence thst in r e oj ir e nt Tirtx msUria pbsan- 
qoine may produce ruCaU cure by (U sction on kte e.e forms. Serrotr tod 
Bikd (1£C^ showed tint radical cure b best achiercd in nrtx milarfs by so 
intensire course of plssmoquine In combsmilon with quuunc giren donsf i 
febrile attack. FtTniJY and hn colkigucs (1&4€) obtained cmnpsrsble resohs 
with a combirted course of pbamoqulne and paludrioe In r^ptiog titii 
mlana but pahidrine alone — even m a dosage of 1*0 gramme dally for H 
days — faded to produce radical cure (n einct mfectioos. With a small msin- 
tenance dose of 100 mg of poluddne twice weekly for 5 months the coohrmed 
rebpse rste m recurrent neax (nfccQoiu has not exceeded 2*4 per 1,000 dunog 
the period of paludnne administratioo. but many more months wiD need to 
elapse after cessation of the drug before the propomoD of ridtcal cures can be 
eren approxlmatety sMeased. 

Gimtiocytn and Uu Stxmal Cyrb-^VlTax gxmetocytes appear appnm 
matdy 16 days after fubukocuUnoci of sponssedtes (Chart 5) t,# , 4 to 5 days after 
asexoal parasites are dertumstrable In thick imesra. FaJerpanim gametocytei, 
on the other band, do not generally appear until about the 21tt day after inooo* 
Ubon of i p oroioites (Chart 7) L* some 10 dap after ssexual psr^tes are fint 
found in tluck tmeara. W thoat a reasonable trophosate dessity the aeeeodirf 
gametoepe ware u gateraJly uneadafactoiy AccwcEngly eipgi meats designed 
to study triM gametocidal acoon hare to be so Qtned as to dctennioe the dired 
effect of the drug u a primary gametoadc and not its secondary gunctoadal 
effects dependenC on schtxoaaadal acdoo. An invcatiganoo of subsequent 
derelopment of pmetocytes in the rector may also be necessary as abovn 
by hUcorauJ and EiicoLE at Cains tb^ found that aiW feeding 
mosquitoea on a carrier whose blood cosi tains paludnne the pahidnne i^biti 
derelopment of oOcyata and/or renmeuJea within the stomach of the engorged 
mosquito eren though this drug exerts do ddeterious acaon on gimetoeytet 
in the pcnpberal blood of the human earner Aa the gametoddal acoen of 
anti malani drugs is bang considered daewbere no further account here b 
necessary 

The data which follow are mainly concemed with the ralue of aubinoco- 
lation m determnung the mode of action of auppressant drugs, with apeaal 
reference to acfairooDcidal action and auaal prophylactic effects, and wiQ be 
rerie w ed from ihia ataadpomc 

A. Sanxomctnei. 

(1) uujortN-T rnm-Mi xiujmia. 

(s) Sfiarosofir-aiJmetd fakiparmm ■s/sna. 

During the course of these imraDgitiom it wsa found that srbm alebnn 
was given in dosage of 0-1 gramme daHy for r upprea shre purposes only imoer 
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^th h^gb dotages of qumine or ttcbrui, or the ttxadtrd qulnioc ttebrla 
plumoquioe ccune rupees hire oce u ned in at Jeatt per cent of 

ptQenu. The cure nte hi nrmx malam did not exceed 18 per cent 
probably in the final laalyKra i( wUI prore leae than thia when Indlridinl 
volunteen have bees foflowtd ortr a 2 year period 

(3) D iacumuj t 

Aiulyaei of the data on aubtnocuUtion presented to this p ep cf coefino 
that in nuhgttant tettian malam once the blood ia cleared of paraatea recrude- 
acenct* do not ©cent and the infectmk ta cured. From thi* virwpciat there tt 
btlk, if any tfiffcrence In the reapoutc to auppreacre or curaliTe therapy of 
aporntorte-indoced and tropbotonc-induced P falap^nm infcctjoci. The 
moat Hkdy expUnatton of these findings is that in P ftkipmrwm Infecnona, the 
actmtics of the pre-erythrocytic or eai^ e.o forms are confined to thd prodoc 
non of aeeXQil paradtes (nucromeroxoites) reaponuble for the primary attack, 
and do not peralct as late e e. forms m the rcticulo-endothelia] cells (Chsrt 9). 

In spcroKJrte or trophozortc-iodoced P rrrajc in/cctmis on the other hind, 
the ease with wWch the blood is cleared of aseauil parartes bv treatment ss 
indicated by negattre tubirmcuiiUona. and the high frequency of relapse in the 
■ponnortc-indo^ infections a up por ts the new that thji is due to peniftent 
e e. forma whereby asexual fonna of/* mm;r(Sew Guinea atrama) are produced 
generally at 4- to 8-week lotervala at first and poasibly latw at kogei and 
more irrejoUr penodt when the biological equilibnum between boat and 
parasite baa been disturbed. 

Relapses rarely frdlow adequately treated tropboioite-iiiduced nvix 
malam this suggest! that e e, forms in P mwx are denrrd cxclosiTdy from 
the pre-erythrocytk: parasites and cannot be formed later from asexual Inrsdint 
tissue cells ( Ch a r t 10 p. 6S3). 
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During the latent period when subinoculations are negative, it is evident 
that in drug-suppressed viva\ infections viable first generation merozoites 
(mictomerozoites) are faihng to reach the blood stream for quite long intervals 
The basis of this is not definitely known 

It may be that the e e forms are temporarily in a resting stage and 
schizogony is not proceeding at all, or there may be slowng down or partial 
inhibition of e e schizogony It would also appear possible from analogy with 
P praecox infection in birds (Reichnow and Mudrow , 1943, 1944) that m 
latent vivax malaria the e e cycle does not proceed beyond the macroschizont 
and macromerozoite stages for considerable periods, and that microschizonts 
and micromerozoites may only be produced a few days before parasites are 
demonstrable in the blood by subinoculation or m blood smears 

In untreated vivax malaria which is allowed to run its natural febrile course 
with the development of premunity, vivax parasites may subsequently appear 
from time to time in readily demonstrable numbers in the blood without the 
development of overt attacks or major symptoms Under these circumstances 
the density of erythrocytic parasites is effectively controlled by an acquired 
immunization mechanism, the parasitized cells being rapidly phagocytosed as 
a result of the combined action of specific opsomns and hypertrophied reticulo- 
endothehal tissue Biological equihbnum between host and parasite has been 
achieved 


(B) Causal Prophylactics 

Stnctly speakmg, the term causal prophylactic should only be apphed to 
a drug which destroys malaria sporozoites on inoculation and prevents further 
cyclic development in man In this paper, the term is used m the sense 
employed by Davey (1946), namely, a drug which prevents malana parasites 
ever appearing in the red blood cells Such a drug may act on the sporozoite 
or on the pre-erythrocytic stages, j e , the early e e forms (cryptozoites and 
metacryptozoites) existmg between the sporozoite and the blood parasites The 
term partial causal prophylalctic is apphed to a drug which inhibits the 
production of asexual erythrocytic parasites dunng the period of its adrmnis- 
tration but fails to prevent an overt attack after drug admimstration ceases 
None of the drugs so far discussed are true causal prophylactics in either 
P vivax or P falaparum infections It has been shown dunng the course of 
these expenments that the first generation of asexual erythrocytic parasites are 
liberated with mathematical precision into the blood on the 7th day in falci- 
parum and the 9th day in vivax infections despite the fact that atebnn, son- 
tochin, resochin, quinine or sulphadiazine or allied compounds are given in 
appropn^e dosage each day Climcally, these schizontiades are exerting no 
e ect either on the sporozoites or pre-erythrocytic or early e e forms, for the 
appearance of asexual parasites is not delayed Effective as atebnn and some 
o these other drugs are as suppressants, they do not constitute the ideal pro- 
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phjlactic drag fof mtlim dncc they do not prercnt the occoirenee of tb* 
■*ciu>l pimites m the blood. 

Slmniriy if u postukted, rekpfcs u P vwom ire doe to the patotetce 
of e.e. form*, cure wiD only be attzm^ with certainty by e drag ■'‘tmg oo thoe 
kte c.e. foniML ScUxonticadiJ kctknt u edequate for t np p rc m on tyj 
care but not for ndicaj cure. 

In eapenmentaliy Infected Tofontcera a number of and maUria dnigi bare 
been uiTWUgjted for 

(1) Caiml prophylactic acdoo retulofig from deetnKtion of the tpoxcmtei 
or early e.e. (pre-eiythrocytc) fonm 

(2) Ri<£cal core ettributabie to the dectnicdoa of late e.e. fonts. 

At least two groopa of dnjgi have been dcfinftcJy ibown to poaaeaa a avml 
prophylactic action in falcrpcram infections in Tmn oamciy the 8-amiao 
qennohnes of wrhich pftsmoqmno la the best known emmple, end dw Ugotiddes 
of which paludrme U the outstanding example. 

I THE S-AMWO QtJWOUjra, 

Platmoquioe. 

jAitn (1935) first dcmortitmcd plaamoqume to be • tree ctusaj pnjphy 
lactic m mahgnant tertan ratUria usuig a RoQTTanian strain of P fdaptnm. 
Frre out of fire Tohateera, receviag (h8 gnmme of pkamoquirte base daily 
for 6 days eommgpqng the day before lofedlon, failed to derdop orert milam 
wrthin a period oC 14 moatha. 

Three patients were giren 0 6 gnoune of pl asm oqtane base oo the erennit 
before infeetioo (P taraz) and the same dose on the neit day at the actuai dme 
of tecarlng five to ten Infective Wtoa. One patteot derdoped parasites (P pfwx) 
In the blood after 16 days and a cUniaU relapse 18 days liter The other two 
derdoped thor first attadt of nvax malaria 275 ckys and 328 days after 
infection. 

(1) P fmlaptntm infectico, — During the present researches a group of eight 
Tohmteen were exposed to the fcates of twelve mosqiutocs A pwactslatn ffxci*- 
/star srfaose tsBriry gUnds contamed ruble sporosoites of P faJaptmt, Fcatr 
Tohmteeri rccered pUamoqolne base m a dotage of 80 rag on the day prior to 
exposure, oo the day of exposure and for 5 days subseqatndy BuUnoadation* 
perfonned V\ and 8f days after exp os u re were negatiTe m three mstancu and 
ppsUre m one. Subsequent inreatigation showed that the three vuiunteers, 
200 C.C, of wlajse blood failed to produce malana m the three recipients, were 
completeiy cured, whereas the ^untcer giving the poamre subinoculatkm 
derdoped a sEghtiy delayed overt attack within the imnl Incubatian period rf 
malignant terdan malaria. 

Another four mlanteers who were aimilariy Infected were giyen plasmoqmne 
base in a doaigc of 80 mg. daily from the 6th to the 10th days indasire. Two 
sabinoculatioQi (200 c.c) were made on the 8lh day and two on the 9lh day 
with poamre reaulta. All four donors d e r d o p e d overt malaria. 
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Comment — These results indicated with this New Guinea strain of P falci- 
parum that plasmoquine in this large dosage acted as a true causal prophylactic, 
destroying the sporozoites or early ee (pre-erythrocytic) forms or both in 
three out of four instances (Chart 12) Its schizonticidal value was not satis- 
factory as in the same dosage it failed to clear the blood of asexual parasites and 
prevent overt malana developing, when its admmistration was delayed until 
the 6th day ^ 

(2) P mvax infection, — Similar expenments were undertaken with other 
groups of volunteers infected with P vwax malana 

In the first group twenty A punctulatus punctulatus harbounng the sporo- 
zoites of P mvax in the salivary glands engorged on eight volunteers Four 
of these received plasmoquine base in a dosage of 80 mg on the day preceding 
exposure, on the day of exposure and for the subsequent 5 days Two were 
subinoculated on the 9th day, and two on the 10th day following infection 
The four recipients failed to get malana but, despite this fact, the four donors 
later developed delayed attacks of overt malana (Table XI) 

In another siirular experiment the remaimng four volunteers took 80 mg 
plasmoqume base daily from the 7th to the 11th day Two submoculations 
were made on the 9th day and two on the 10th day All four recipients later 
developed overt vivax malana, as did the four ongmal donors (Table XI) 


Table XI 

SUBINOCULATIONS FROM VOLUNTEERS RECEtVINC PLASMOQUINE 80 MG (aS BASF) DAILY AND 
exposed to EXPERIMENTAL MOBQUITO-TRANSMnTED P VtVOX 


Duration of 
plasmoquine 
administration 
(days*) 

Number of 
lolunteers 

Submoculations 

Ultimate 

overt 

malana 

Days 

performed 

Num- 

ber 

Resu 

Its f 

+ 

0 

• — 1 to +6 

1 ) 

4 

■n 

2 

, 

2 

4 




2 


2 


0 to +8 

1 

+11 

1 


1 

0 



+ 16 

1 


1 




+43 

1 


1 


+6 to +10 

4 

9 

2 

2, 





+10 

2 

2 




Day 1 day before exposure to infection , day 0 =• day of exposure to infection , day 
-fl, etc. r- 1 etc. day after exposure to infection 
t "h ^ positive result O = negative result 
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lATt 0 t 134 • «T«f lOllUaUKMtr 

I rurATctrr »(uae 
(cc rolut) 


I t FiLuruuul [hiTca^ itxtJMKMJiTierri 

■tfioTtrttrm) “ ^ 

IHssrMnimtie Kp tf m ittfkKi ot i pfophyUctto on pf»-fT7t hn )C7lk 

focn*. Not* tl^ lb*** drt»Bi rtptdly <kstroT *** ptt.«tyttrocytle « wriy 
foTD*. Blood ■necn (o tho« p*i«t(te» «im 1 wUiMadabou frm tb* 7 di 
^7 anvil proTV th*t wfTttil p«rwha» arrrt tppm b tb* btooiL 


In the lec on d poup •erenteen 4 pmi^tulmtits tirbouriiit 

ftpacoxoitei of P wcx in Aar uliviry gUnd* engorged oo Tolimteer*. 

Fourof AcmreceiredSOoig plumoquine(** bwe) diiJjr on the diy cf rtpo^ure 



N HAMILTON FAIBLEA 


GG7 


subsequent 8 days, and one 

14th days (inclusive) after exposure ^ ^ ^ays after 

1 d^o .0 +8»as sub,nocu a.ed on ^ , „f 80 

enposute All these “tmoetdanons were „ss 

£„:”x” T“fotL^our volunteers all developed overt wax 

on the schizogony of the early e e (pre ^ ^ 10th day of the infec- 

we not dentoWle W 

t,on as normally mvanably happens ^ ^ ^ Plasmoquine 

demonstrated by submoculauon on the llA. o ^ 

however, did not destroy either the ^,lana (Chart 13) The 

the donors, since they later developed larger dosage of 80 mg 

schizonuadal action of plasmoquine base even m this large 

daily ivas unsatisfactory w^ntoaume— was not available 

The new 8-anuno qurnobne '1'"™“”-?““^“ e” reh Unit In oonse- 
until ifter the disbandment ot the L H Q Medical Research u 
quence, no work was done at Cairns on this drug 

II THE BIGUAKIDES ' 

The bnlhant researches of CuRD, nSdorplS-Nl-methyl- 

m the synthesis of the .p.chlorpSnyl-Nj-isopropyl- 

N.-isopropylbiguamde acetate) and Sh these^dru^ were found to 

biguamde acetate) now known as paludnne Both h Galana M 4430, 
exert a causal prophylactic and therapeutic ,, only, whereas 

however, proved to be a causal prophylactic agains g gpecies as well as 

paludnne was found to be a causal prophylacUc against this species 

against P cathemmxm, P lophiirae and P rehctuin 

(a) Plasmoquine (M 4888) 

Dunng the Cairns expenments detailed mvesugauons were 
action of this drug as a causal prophylactic, as a schizontici e an^ g,ppificance of 
Subinoculation proved of great assistance in interpreung & 

some of the data obtained CTable XII) 

(1) P falaparum infection. — In four of the five expen containing 

twenty infected mosquitoes of the species A punctulatiis engorge 

wable sporozoites of P falaparum in the salivary glands bites were 

on each tolunteer In the other expenment nine to 

In the first expenment (Table XII) paludnne ^s g^b- 

bcfore exposure, on the day of biting and for the su recinients were 

inoculations of 200 c c whole blood into six non-imm results The 

performed on the 7th day following exposure with negati 
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donors never developed parasites or fever and no other evidence of malaria 
infection was ever noted Controls included four volunteers taking atebnn 
(0 1 gramme daily) , subinoculations on the 7th day m each instance yielded 
positive results, showing that malaria had been transmitted by the mosquitoes 
used in the expenments 

In the second expenment (Table XII) three volunteers received 300 mg 
of paludnne on the day before exposure, and for the following 6 days Sub- 
inoculation from the control (200 c c ) days after exposure was positive, 
the recipient developing typical overt falciparum malaria Subinoculations 
(200 c c ) done at the same time on the three volunteers taking paludnne were 
negative and they were ultimately proved to be cured. 

A third expenment (Table XII) performed on three volunteers receivmg 
only 100 mg daily for the same penod yielded identical results Subinoculations 
with 200 c c of blood transfused on the 7th day were negative and the donors 
as well as reapients failed to get malaha 

It was evident from these expenments that paludnne was acting as a causal 
prophylactic, providing a concentration of the drug was not persisting m the 
blood sufficient both to destroy the early asexual erythrocytic parasites when 
they appeared in the circulation and to render these parasites rapidly non-viable 
in submoculated blood. It has been found by Maegraith and his colleagues* 
that paludnne given in a dosage of 100 mg daily disappears from the blood on 
the 3rd day Under such arcumstances 100 mg of paludnne could be given 
daily for 4 or possibly 5 days and the blood would contain little if any paludnne 
when subinoculations were performed 7 days later 

A fourth experiment (Table XII) designed to meet this reqmrement was 
performed Twenty infective bites (P falciparum) were given as in previous 
expenments Four volunteers were given 100 mg of the drug on the day of 
exposure , in addition the first volunteer received 100 mg for the next 2 days 
Y ) 1 the second 100 mg for the next 3 (total = 400 mg ) , the 
ir 100 mg -for the next 4 (total == 500 tng ), and the fourth 100 mg for the 
^xt days (total = 600 mg ) Submoculation (200 c c ) on the 7th day from 
e control who had received no drug produced typical overt malignant tertian 
m in the reapient, while subinoculations from all four volunteers taking 
pa u ne were negative Subsequent observation confirmed that all the 
onginal donors failed to develop malana 

In another type of expenment where six volunteers were exposed to twenty 
1 ective itcs the admimstration of paludnne was postponed until after sub- 
inocu ation had been performed on the 7th day Daily dosage (100 mg ) was 
en commenced and continued for 14 days The recipients all developed 
l^rasites (P falciparum), and fever showing the donors had been infected, but 
e onors themselves failed to develop overt malana being ultimately cured 
by the schizonticidal action of paludnne 

Pnvate communicahon 
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At tlretdf reported bj FaI&lct and hit coQetguet (1946) h htt tbo bra 
foond that if a tis^ dote 50 or 100 mg. of paludrine 1^ giTco fromdSto }31 
hoort after espotore to mfectioti maltm fa^ to derelop. Tbeae arid other 
expenmeuU proved that pahidnnc acta at a true catml prophytactk in P Jd3 
panm infectioo dcatrojmf the eartf e.c. (pre-crythrocTtic) form* before the 
aiciua] erythrocytic paratitei are Hbmted into the Wood (Chart 12, p S50). 


XII. 

R0V1T1 or K«r«ocuuTT(m u\c* o** tub Ttw cut or bthim rounmna iiwa 
KTA TO Twrrrr DtRcrm arm (P / 4 o >oi— ) wuiLa ruom iuilt domb or mxxtrc- 



It triH be aeen that m P fakxfmrwm infeetiona palodnne » (1) a oosl 
prophyltaic p f c nu ong aaexual pcraaitra appearing; in the blood (!^ a apeaiSc' 
achitonUade cauamg both cU/ucml and radi^ cure alter aaeroaJ paraaicca hare 
gained acceaa to the drculatmg Wood 

(2) P crcM infectioo, — Fire volunteera trere bitten by tweity A 
Iftxs ptoKfidclKi containing aporoxoitea in the tahrary gl^nda- Four of theffl 
recoTtd pahidnne in a doaage of 300 rof on the day brfore Infectioo, on the day 
of infection and for die aubaeqocnt 7 day* The cratroi Tofafflleer auhinoeolatcd 
(200 c.t) on the 9ih day area poaibrc the rcapicut devtlopug a typical attack 
of err e rt benign tertian malana. SuboMxiilaQona of the foor roltateen tiUnf 
pahidnne rrere performed on the 9ih day with negaure rTtulta. I>c*pitt the 
fact that aaUnoculaQooa were negaOve at Una tune each dereJoped orert 
benign leroan malana aome 31 to 50 daya after erporure to Infecooo 
(Chart 13p.66S) 

AnothCT group of four volontecr* were nmllarly bitten by twenty A 
UtMs pimetuUtus contairung nabk aporoaortea in their tahrary gland*. 
reenred 100 mg of paludrme daily on the day before ctpoiurc to tnfeett* 
and for 23 dap thereafter Two ubrnocuUtion* (200 c,c.) were made frttn 
«-w4, of the volunteera one on the 9th and one on th“ I3th diy making 
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of eight subinoculations All ^TCre negative, none of the eight recipients develop- 
ing malana Despite this fact, the four donors whose blood had twice yielded 
negative subinoculations all developed overt benign tertian malaria some 
49 to 140 days after exposure to infection 

Four volunteers were exposed to twentv infective bites {P vivax) The 
first one’ received a single dose of 1 0 gramme of paludnne 3 hours before 
exposure The second received 1 0 gramme 3 hours before exposure , this was 
repeated on the following day (total = 2 grammes) The third received 100 mg 
daily for the first 5 days and the fourth 100 mg daily for the first 6 daj’s 
SubmoculaUons on the 9th to 10th davs were negative in each instance, yet 
overt vivax malana developed 18, 31, 26 and 30 days respectively after exposure 

Comment — Though paludnne is an eftective schizonticidal drug in vi\'ax 
infections and inhibits the production of asexual erythrocytic parasites (micro- 
merozoites) from the e e forms as revealed by submoculation expenments, it 
acted only as a partial causal prophylactic in the dosage employed in these 
expenments (Chart 13) Though the incubation penod was prolonged and 
negative subinoculations were found at a time when they would normally have 
been positive, radical cure was not attained vuth any of the therapeutic regimens 
adopted 

(5) M 4430 P vtvax infection 

While taking M 4430 in a dosage of 200 mg daily, six volunteers were 
bitten by twenty to twenty-two A punctulatiis punctulatus contaming viable 
sporozoites of P vtvax (New Guinea strains) m their salivary glands During 
the period of drug admimstration, they were protected against overt malana 
and parasites were not demonstrated in thick blood films Early premonitory 
symptoms of suppressed malana were entirely absent, though present in a 
control volunteer infected by the same batch of mosquitoes while taking atebnn, 
0 1 gramme daily 

Subinoculations were made from all six volunteers on the 9th day after 
exposure to infection , these were uniformly negative none of the recipients 
of 200 c c of their blood subsequently developing either demonstrable parasites 
or overt malana Despite these findings, all the six donors ongmally exposed 
to infective biting developed overt benign tertian malaria on an average of 
32 5 days after ceasing the admimstration of M 4430 

Comment — The results of these submoculation expenments indicate that 
M 4430 prevented the normal hberation of erythrocytic parasites (micromero- 
zoites) from pre-erythrocytic or early e e forms on the 9th day It failed, 
however, to eradicate completely the persistent e e forms (phanerozoites) 
when admmistered in a dosage of 200 mg daily for 23 days after 
inoculation of sporozoites smce overt malana invanably developed later It 
follows that M 4430 is a partial causal prophylactic in vivax infections (New 
Guinea strains) and has an action in this respect which is similar to, or identical 
ivith, that of paludnne (M 4888) and plasmoquine 
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SUMMARY AND CONCLUSIONS 

In tfal< pcper the rxlue of iubtnociilxtion in the ttudf of huom miUm 
hu been extended ind « new technique developed consittuij of the tmafoBOo 
ol Urger qumnnes of blood (200 c.c.) bj the Juhin Smith direct tmufosan 
apparatus from, the malans'infectedl donor into the non-imramc reapwat. 
Special attention hu been directed to detenmne the distnbotioQ of phmotEi 
in the blood at different penods after inoculation of aponmates by mfe cU TC 
moaqintoea the action of anti malaria drugs on different stagea of the Efe 
cycle of malaria paraaitea, and Indirect evidence regarding the eiiaieace of aa 
exo-erythroeytic cyd« m man. 

1 Four out of the following an phases m the Ufe history of taakrtt 
paraaitea m man have been demarcated by lubmocuIaQoo dunng these 
lorextigadona. 

(a) The imtlal mvason stage when 'nable sporrooitcs may be democstrsled 
in the nrcalnang blood for abort penods (| to 1 hour) after moculatjco cf 
■por oa wtes by anopheCne tDosqtstocs into tlK tuauca or directly into the blood 
veaacla. 

(i) The aeg ati te blood phase or prepatent pcncNl when pre-erytirocytic 
or early e^ forma are preanm^fy undergotog aebirogony in rrtiaiJo-eodotheEil 
ctU* tbs Uaia app roxhaately 6 days in F /alf 9 >«nrti and 8 days in P nw* 
during which tune maadve rublnoodatioDa of blood from heavily Infected 
To foa teefs uniformly ftQ to induce malaoJ in reaprenta. 

(e) The untial atage of parmUeima which w genenlly of nbaicnaeopic 
decarty Here there u an inmion of the blood by first geaeratwn meroxoltea 
(mKTOtneroKXtea of Rncfcrow and Mtrntow) preaumably hberated from 
the prc-ciythnxTtic or early cn>-crythrocytjc forma. This occun on the 
7th day (144+ honra) in P falap*ntm and on the 9th day (192+boiin) b 
P cmx. The first generation ^ eiythrocytJc paraaitea arc uauaHy of sob- 
ndcmecopic density being rarely revealed even after jiroionged exammatko of 
threi. blow! filma. Their p reaence la abown by posidvc aubmocnlaoom and 
t ta gcneraDy about 3 days brfore paraaitea are demonatrated nacroacopicaDy 
Thra atage may be mamfeat duucdly by minor pre m o ni tory dlnlal feanirts 
auch aa bcadacbe, hackacbe, geneiallxed nmacular paina and tendancaa orcr 
the brer Haetnaufogically there la a cbaractenatic left polyinorptooudear 
shift, a relmre Icucopeida and a decrease to lymphocytea. 

(f) Overt malant. aaaoaated with primary fever major dmrcal features 
and dem ons trable pjarasltes in blood filma. In falapmum nulana pamltea are 
first demonstrable in tidek films (1 per cmm.) on an average of ft-S days after 
a single eipoaurc (range 7 to 12 days). Tropihosoite densities increase in phase 
rajddly tl^re bemg a big rise et^ 48 hours followed by a amafler fsfl. In 
untreated heavy infecuoiii cbnicai evidence of hypcrmfection la rrarofest abont 
the 17th to J8th day unless tr ea tm ent la commenced not later than lb® 1^ 




• 4 aiianxaXMim Exnuujm 

attacks imc abaent but the aymptoma tncluded headache malaise, wrere, 
aCght tiannent clcracaos of teinpeniture (99* F fo 100* F), tpfeaoea^jij 
bepatorDcgalj’ (erne case) left neatrophil ahift and some fall m haemoglotiii 
and red blood cdl ctmnts, Tbou^ the blood was frequently and thoxCTjfiilj 
searched for paraaitei thcr were acrer demorntrahle tmcroscopacallf 9ob- 
moculations petfonoed oa the 53rd day foOowin^ faJdpannn utfectiOQ and the 
67th day foUowuig the nrax lafectioo were negadre they were not dma 
etiQer and for this reason the presence of parasitea m tnbtCDcnncopk 
dcnsltici in the early phasea of mfccUon cannot be eadoded m cttler 
instance with certainty In adiftioD to the small number of iporoiotta 
injected tbe bypothesa soggeated to expjam the syndronie rt that the 
sporazortes becom modxhed m some manner by transfimon so that cithcT 
eio- erythrocytic sdnxogocny <Ed not proceed beyond tbe macfoschuont and 
macromenztorte itagea described by Rocsteow md MtTDjssw (1913) In 
P pratcox or if it did, so few nderotneToaoitea were produced or they were so 
dentahaed that they nerer attained a denaity which waa demoDstnble nucre- 
scopically Under the Utter ormroatances succeadre mravoa of eni^itbcfil 
cells might be mamtzirKd but not aacceanre mTSaion of red corpasdes with 
cfTa b t is h m eot of the ascxoal erythrocytic cycle and overt attseka. 

3 Sobinocolauan expertmasts tn capen m ai u Dy infected Ttfontten 
tikiiig adequate daily doses of aoa oaUru drugs and ftilini; to detelop onrt 
nalana, hare t^orcM moat nhisbie infonmhciD regardLng the zDOde of aefioa 
of these drugs sa cuppreasants or caettsj prophylscUeB. 

fvijwtire mhesontiotKau. — Under such oretimatanees in P 
mfccQoa a negsUre tubmoculatioa on the 7th day indicalea that the dnig is 
acting as s complete canaal prophylacdc Psludrtne and pUamoquuie bcAh 
£dl into this category Since nibBiioculatiooa r c uiai n consuotly negatiTe, xad 
orert attacks do not occur it n erident tbst nsble parasites nertr pm access to 
the tJoodL In P errex infectioa a nepitire subinocuUtion on tbe 9th diy 
mdicstca that tbe drag bai either dcatroyed tbe sporososte or the early cjt, tons* 
or teni p orarily inhibited their devdoprnent, ue the drag U a cdmpletc or partial 
cansal prophylactic. Paludnne and plasmoqumc boA prured to be partisl 
cxumI prophylactics since, despite negatirv submoculatioiis, the donors finally 
dereloped frank cHnicsl maUna with parasites (P vtzmx) in the blood nsesrs. 

fiatm taifMoewlaUoas — A positiTc subinoculation m the 7th day hi 
P ftiopam mfectioa and on the 9th day in P nnu infecdon indkstts that 
the drug is natber s complete dots partial causal prophylactic, and if the eiperi 
njentally infected rolantecr tuhse^ently fails to get an orert attack while 
taVing the drug it imphcs diat Ae drag is suppreanng malaria by schfaoaticidal 
scUfm. 

When schmmtiadal drugs of stebno type are pren m adequate dosage 
each day for suppreanre purposes pontire suhmoculationj arc obtained with 
200 cc blood on the 7th dar in P faktpanm and on the 9ih day in P twa* 
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Avith remarkable constancy, just as if no anti-malarial drug was administered 
Despite the fact that parasites are not being found in blood smears they 
may be demonstrable by subinoculation for the nesrt 3 to 5 days but 
not subsequently While a negative subinoculation from the 13th day onwards 
indicates radical cure in P falciparum malaria, it generally only indicates 
suppression in P vtvax infections The daily dosage of the schizonticidal 
drugs so tested were atebrm (0 1 gramme), sontochin (0 1 gramme), resochin 
(0 1 gramme), quimne (grains 20), sulphadiazine (1 0 gramme) Sulphadiazme 
proved an effective suppressant and radically cured P falciparum infections, but 
failed to suppress most P vwax infections The others suppressed B T , and 
suppressed and cured M T infections 

4 No significant difference in the suppressive and curative value of atebrm 
was noted in sporozoite-induced or trophozoite-induced falciparum malana 
Absence of overt attacks, late negative submoculations and absence of pre- 
mumty as judged by susceptibility to re-infection charactenzed both groups of 
expenmentaUy infected volunteers indicating that radical cure had been achieved 
Since data on subinoculation indicate that in falciparum malana once parasites 
are completely eradicated from the blood the infection is radically cured, and 
as radical cure in sporozoite-induced and trophozoite-induced falaparum 
malana are equally readily attained, it would appear that e e forms of P falci- 
parum do not persist beyond the pre-erythrocytic stage — presumably because 
they are completely converted into first generation merozoites (micromero- 
zoites) There is no evidence in man that late e e forms are produced from 
asexual forms 

5 A very remarkable difference was found in response to treatment 
with atebnn between sporozoite-transmitted and trophozoite-transmitted vivax 
malana While trophozoite-mduced malana was radically cured by atebnn 
in a suppressive dosage (nine out of mne) or therapeutic dosage (eighty-eight 
out of nmety), radical cure in sporozoite-transmitted vivax malana was difficult 
to attain Not more than 3 per cent, of volunteers on suppressive atebnn 
and not more than 18 per cent receiving one course of Q A P treatment for 
vivax malana were radically cured The facility with which the parasites are per- 
menently eradicated from the blood in trophozoite-transmitted vivax malana and 
the high frequency of relapse m treated sporozoite-mduced infections support 
the view that the different therapeutic response is due to the persistence of 
late e e forms which are more resistant to treatment and which after a vanable 
penod hberate into the blood stream parasites (imcromerozoites) giving nse 
to vivax recrudescences, relapses and recurrences There is no evidence that 
asexual parasites give nse to late e e forms in vivax infections 
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During the past 6 years obsei^tions '^^ganS”^ BSnba^s a smaU, 

L heen^ earned out in Bwamba County, ^ r , j^u^venzon Mountains 

ra:ii$ forested area lying which fo- 

E.t=»”rrsrrs.'’,»=i' a, ... - - 

f 9 ?nn to 3 500 feet The north-eastern part of thi Albert, 

tf S open Semhhi Plains, -bi^^ the local epide-olo|y 

These grasslands are apparently not of .^.^e northern half of the 

of the disease and need not be mentioned genjiki Forest, an eastward 

remaimng lowland country is occupied y Semhki Forest 

extension of the great Itun Forest of the C g C occupation 

has been designated a sleeping-sickness area an consists of 
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“"?'*>* ft“" SrB.t»“" ?“t=^ot cd°v»t‘'>‘';b„ve 1.0“ 
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^'S'^-on.n^TS »' *:rg 

“r.r o “-niiut:- -- rronT<^e -r 

i,d ”«'H‘^omit»““' "' fever ■»“ ?«“ 

„( the Forest ^ the *«“' -t^f ttiipo«f“ ja „£ tag's 

■oninbabvted areas ad)0 oiooes vjere tr , tbe frottr a 

largely t^at tbe yebo^ T^\nyia) 

shovjed (Fig mtsGHES et al , m Aeder ^-yolete mass 

V'^iTtaSssi » '^^r^gw *' 

- '’■“““'^atient sod'roia ^ Follovntig t'“®' ^ „as eartred hot «sr 

Viuman ^ gt al , wtton ot Bvramba ^sease tro extensrv 

Tbeo CMaH/^ ^ pop spread o campai?^„^,„ orogres' 


Fuman gt al , ,!Ln of 'Bvramba trorn 

tbeo CbdA»^^ pop ^rd spread o camparg^^ ^ progress 

vaccrrrauou °£ ossrble vaca^^^^ ,s froro 

-d, - ^ 

“ r,:^So'«“''rth?tSe «'"'>''® ““ 

“ “ ^^yedr^''"'., tta per»'=“““ ” five redta.l 

stiUrrornune J imply rbe p -Rvjarnba 

1945). these rs 1 l"°Uvora unrecorded 

nonteys 'C^ 1 tor tto* '“" 



ftSO voxKni AU Txtuv rT^'u 

rclitioo to jeUov fcrrr were desmble and tbex hare been carried oo cco- 
eurrentlf with the rooaqorto work. TTiough minjr group* of tminrii hare 
been inrcitigzted, imniumty to ycDoir ferer bu to ftr been found ixnoDf 
TDonkep onlj The specimens ha\c coiodsletl mslrdj of bh>od ttmple* coflected 
in the field, but ortr twenty Gve monkeys b*Tt also been obtuned for prottctioo 
test tod expenmeatal work. The purpose of thit paper U to dUcoM the reuihs 
of tests on the 150 Bwimha tnonkeys studied b etwe e n l^Urch, 1&42, snd 
Norember 1&44. 


La*o*atowt TrcHmQOE. 

The tenn uwnumty ts used in this repon refers to the pmenct lo the 
serum of speafic proteenvt antibody sgsmst ycBow fem rims. The presence 
or ahseoce of such sxmbody w*s detcniuned by intripcntoceal moose peotectioo 
tests, made in mice ether 5 to 6 weeks old or 14 days old. Both metheds of 
testing employed 1 per cent. tospcnsloDS of mouse brain pasaige neurotinplc 
Tirui made up in 10 per ccnc non immune sensn In pbysological iflfine. 
Briefly the tecimiqi>ea were aa foUows 

1 Adult nuce 35 to 42 dap old, r e cciT t d a prepaortory intraarebrri 
tnjeenon of 0-03 mb etch of stenie 2 per cent, sc uth solution. Tin* »*• 
followed m 10 to 30 emoutes by the intrapentooea] inoculation of 0^ mb pff 
moose of the s er u m vum imxTure made by adding 1 S mb of 1 per cent, tums 
to 30 mb of ser u m. Su mice were used for each toeb test. 

2. Mice 14 dap old, in bttttt usually accompanied by cwxhera, were 
IrKKolated mrrapentoneaQy with O-OO mb ciuh of serum-Tirus mnture oade 
by adding (b25 mb of I per cent Tim* *u*pen«on to 0 5 mb of * 0111111 . Two 
httera of four or fire mice e»ch were used for testing each scrum. These infant 
mice rc c eiTrd no preparatory inocubaon of st ar ch solution, and anscsthrsia 
was not n e cessa ry for the intraperitoneal injection. 

All mice were obserred for 10 or 12 days. Seit were considered proteenre 
if not more than one mouse in a group died Detail* of metbcHl* and Inter 
p rc Utj oD of protecoon test results are gictn eisewbere (SstriBKlut 1945). 
The data in tia* report include te*ts 00 150 sera Of these mty nine were 
oocc, scTCnty three were teated twice five were tested three timra, and 
three were teated four amca the total nomber of testa 00 the 150 sera being 
242. Of the nxty mne sera tested once twentjr-dght were nosv-protectiTe end 
forty-one protec^e. One sentm gart an unsatufactory reaidt on first 
and was proteenre on retest two gave incondosirc resetioo* In the first tests 
and were noivprotectiTC on retest two others gave uKoadimre rtactiOB» 
first test and were prottctiie 00 retest. Twenty-eight sera gave repeated no®' 
protcctiTe resuha and forty-eight gave repcsted protcctlTe reaolt*. Dis- 
cordant remlta were not enconotcred. 
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nfrigerttion otiQl tbe test U i>tffonned. In cases wbcre no ipcatoei an be 
obtained from the heart or rcsseU it U alenys worth wtnk to take up leu 
loose Uood frtnn the c h est or abdomen, ^Vbm refngenticm ts arsQable rxb 
ipedmcni will often allow a successful test to be made on the Uood of an «fn«ql 
s^ch would otherwise hare been mated. 

After coQectin^ the blood sample, we record detailed data, inchkfnf 
temperature of the tmirai scientific snd popclsr names sex, estmiitcd sfc, 
state of teeth, pelage, and geratalia weight and measurementi, mouth tad 
cheek pouch conteata, rutore and weight of stomach c on te nts , pansltes, ssd 
shnormilities, acdrities when firat seen, spedmena taken, number date, 
collector tunc altitude type of country weather etc. 

The field kit at p r esen t used m Bwamba compnsca 
I mtrhrte. I tnO sritwtfrT taps (be Mi s flh t 

curved AmniDg knrres. w wdts). 

1 pn plaster alttn (lower btads bluat 1 tlwimos flaA (quart or k-fafloo ifat) 
pC I Bt^ ) IQJsd with ks CUM*. 

I psj 4-iMh rat tooth foresM. I or te twtoar y tfaannoowttc. 

I Mtf pomted semora, oiedLm I s pdr n bsboca (wocbioc to SO D- 

25 enuki (30 mi espitorty). 1 2 -awO« sprtof-atesj tBpofDaafIU«(kt■k>■ 

l box tbna fi}r« iisd in man.) 

PcocO nd iVid>bcok. 

With the esccpuoa of the machete and thermos flask, which ate earned sepsr 
Italy the aitm kit fits easQy into a fight wooden box with sides 10 inches 
square 

The Ptaans or HwAma. 

Twetre spieaea itid suhapeaea of Pnnjatea hare so &x been found by » 
to occur ux Bwemba. It ts necessary at thrs polni to j^re some sccocnt of 
tbar habits and dtatnbudon, as these have prore d to be of ireputuace m 
relation to yellow ferer 

Apert from mnnkeya, tiro speacs bekmiTng to the Lcrmroidea bare been 
obtajoed, the small forest galago or “ bush baby (GmJ^o irmioffi tiowad 
FHitw) Mid the petto or AIrkan slow lemm (Prfadidinu potto i6sa»ai Tbomia). 
The forest galago Is defacste In capdrity and noae of the few immature 
speomens so far obtained has sundred for protectioo test. Two pottos from 
Bwamba have been tested. Both were ooo-nnmane 
The ranota Anthropcadea may now be dis c u ssed . 

1 Cmoctbm a&/raa joiuuloia Lydekker (Blsck Mangabey ) 

The b lfk mangabey u confined mainly to swampy areas of low-Iyiag 
mixed forest w h er e oil p*tm« *je abundant. One of its natne na m a means 
the oil-palm thing " 'Hus extremely agile and wary monkey occurs In bands 

Shkb writing tbfi paper w» hare obt afa e J spe emmo i f CtnafiAtaa *'*^'**f 
Schfefd sod rrfrgWi Mu 7 DoOnMn (both fa th« Semliki PoRst, Ffi I area 19. 
tlmr* L r ifa ^ gLi f tb« total oumber to fourteen. 
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of twenty to forty It is very difficult to approach, and specimens have been 
hard to obtain It is stnctly arboreal and rarely descends to the ground except 
when alarmed or hunted, though it occasionally feeds in low forest vegetation 
only a few feet above the ground The food consists mainly of oil-palm nuts, 
though other frmts and green shoots have sometimes been found in the stomach 
The black mangabey is a monkey of the umnhabited forest and rarely occurs 
in the proximity of dwellings In Bwamba it is commonest in the north- 
eastern forest (Fig 1, area E) and in the palm and acacia belt along the banks 
of the Semhki River J A iiLEN (1925) notes that it sometimes wraps its tail 
round a branch for support — perhaps an indication of future prehensile 
tendencies — and that the tails of adults are generally somewhat threadbare in 
consequence We are able to confirm this observation 

2 Cercoptthecus aetlnpos centralis Neumann (Grey Monkey ) 

This species, which spends much of its time on the ground and in low bush 
and second growth, has a very hmited distribution in Bwamba It is confined 
to the open grass and bush areas (Fig 1, areas C, K and L) It also occurs in 
the palm belt along the Congo shore of the Semliki River 

3 Cercopithecus r hoesti r hoestt SchtCT (I’Hoest’s Monkey ) 

This rare and httle-known monkey is restncted to the lower border of 
the Ruwenzon Forest and to the high forested valleys at altitudes of 6,000 to 
8,000 feet It is essentially a ground species, which takes to the trees unwil- 
lingly when hunted by dogs It occurs in large bands which frequently plunder 
banana plantations on the mountam 

4 Cercoptthecus nutis stuhlmanm Matschie (Blue Monkey ) 

In Bwamba this beautiful monkey is confined mainly to the Ruwenzon 
Forest and to the forested areas below the foothills (Fig 1, areas H and I) 
It sometimes descends in large bands to the north-eastern part of the Semhki 
Forest (Fig 1, area E) These penodic visits occur mainly during the rams 
when fruits, which form a large part of its diet, are particularly abundant m 
this part of the forest In addition to frmts, the blue monkey is especially 
fond of insect food The Bakonjo tnbe of Ruwenzon report that it frequently 
raids banana plantations and maize fields below the mountain forest boundary, 
but m Its penodic descents to the lowland forest it is not a crop-raider, as the 
area it visits is uninhabited The blue monkey is essentially arboreal, but 
descends to the ground when alarmed by shooting or by the presence of its 
enemy, the monkey-eating eagle {Stephanoaetus coronatus) 

5 Cercoptthecus mona dentt Thomas (Dent’s Monkey ) 

This rare monkey is confined to the lowland forest (Fig 1, areas D, E, 
F and G) It is very shy and seldom seen It occurs in large bands, but, on 
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tccouBt of lU elusiTi mtUTc cothutg t* knoTTB of it> habit* except tVat [t » 
mnoly tiborea] The atoiDacb of one of the*e monkey* ha* beta 
and the content* were found to cocuto entirely of leave* and ahooti, widmt 
frmti or bemc* of any kind. Our four tpeamens are the fim recorde d from 
Uganda 

6 CercopiSkeau mctxians wtptjtgat hlatvcfale. (Redtad Monkey) 

This bold aj>d very cootmon speae* occurs in large bands, and b twit 
preraJent round the edges of the lowland ram forest (Fig 2) TlKiagfa nmnly 
arbofeal, it often descend* to the groond trfaen hunted, or to crot* an open apace. 
The redtail ii a notonoui raider of oopa chiefly maize and banana*, but ni 
the uninhabited forest its food consuts msinly of oO-palm nut* ind other tree 
fruit* and hemes. It is worth noting that these monkeys return nightly to 
a small sleepuig area, thoogh on different night* they may rest In ififlerent 
trees within it* tumU. In the case of ooe band, such an area u known to hare 
been used in this way for the past 18 mtwnhs. 

7 P 0 pto dtfttrrm tftMUtJu ElGot. (Aoubi* Baboon.) 

Baboon* in Bwamba occur mainly on the motimain slopes at aluutdes 
of 4jOOO to feet, beet a band of about sixty inhsbit* the nortb-esstem 
comer of the Semliki Forest (Fif I are* E). Though easendaJly ground 
Qumkeya, baboons spend t coosidenble nm# feeding to trees. In some arcs* 
they also tfeep in trees, at heights of as mudt a* 100 feet above ground. 
food consists mainly of ail.>palm nuts, hmts, insect* and milJipede*, hot they 
are of coune notofHWj* crof^rndera. The local bond* oeeopy wtU-defined 
temtones beyond the lutsts of which they aeidom wander 7110 presence cf 
occssianal tlbitrad indindual* aid* m the identihcation of a gi v en band, and 
ooe particaiariy pak yellow female wa* seen at regular intervab in ooe woD 
area over a persod of bout 5 years. 

8. Cdaiita polykoww MtOensu Matschic (Lowland Coloboa.) 

Thi* i* the co mmo nest of the Bwamba monkeys, with the poasiHe ctup- 
noa of the redtail It inhsbtc* the denser areas of the lowland rain-fortit, sad 
also ^ y -iir s in the forested areas below the Ruwenzon foothills (Fig 3). The 
rwusD) consift of ten to twenty individuBls, but soGtary males ii* 
frequently enco u n te red. The lovtand colobus u a atnetJy arboinl speats, 
which rarely leaves the tree* except wfxn alarmed by a abot or when attacked 
by SUpkoMO^iOa The food consots almost emirely of Ictrca and young green 
ahoots, the tree of preference n Bwamba being the African Ironwood (Cya*" 
strtr# tUxnin) This monkey doe* not md crops, and in general it anJd* 
the vicinity of dwellmgv being scarce In all the populated sreai. tike the 
redtaiJ the lowland coJobu* ha* the habit of returning nJgbdy to the txaf 
«msH sleeping area. 




Tig 2 — Sketch map of B\\-amba Countj to shov, the distribution of immimity to j cUo'n 
fc\ cr m the rcdtail monkej and the known range of this species in relationship to the 
distnbution of j-ellow fet-er immunity among children (data concerning children as in FlC 1) 

For purposes of this map the countrs has been divided into areas each i mile square, all 
tests m each such area being treated collecnvelj Thus a single circle or diamond mas 

represent manj tests 



Fn. 3 — Ske tc h mtp of Bmenb* Cotntty to thov th* dktribmioDe^inimuoityto T*®"* 
{eter hi th kmlnl coMmu mmkrr nd tbe knovn nsfc erf dm (pedei hi rebbaom^ 
the djnrawtjoo of yeDow ferer UTUTKififiy «nnnf chfldren. I>tii]i « in Fm. 3- 
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Mosquito catches made in treeto ps in Bwamba hare shown that bne alio 
the spedcs of mosqoitoca pnnapallj suspect of being inrolred In the tram- 
mitsiQQ of animal jcUow ferer in the forest are mainlj arboreaL Cocsequendf 
It was at first thought that the more arboreal spedca of monLejs mi g ht ahow 
a higher inddcocc of irmnurnty to yellow ferer than those which ipe^ gwrli 
of their tune on the gr o u n d . While the ende 6gares seem to support tha 
hypothesis, the correction of f req u enoca and rates to a standard populttlm 
redneet the dlSdencea between tbe groupa of partly terre s tr ial mainly arboreal, 
and arboreal monkeys to a Icrcl which the X* test ahowi to be pot aigru Scant, 
there being a probabihty of 0-48 (or about 1 In 2) that the direr gen des could 
arise by chance (Table lli). 
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While finrffng impLcs a roughly equal exposure to fnfectioo in the 
r*Aj» of sH haHut groups of Bwamba monkeys jt still remains slmost certain 
thst transmission most occur mainly m the trees for certtm spedes which 
rarely descend to the ground (tbe lowbnd colobus and black mangabey) ahow 
a Tcry high Inddaice of immunity to yellow ferer It follows that the rcctw 
probably is moat actire st t rime when all monkeys are m tbe trees, ^ 
m^il. Fldd obsoTSDoo hi Bwambt has shown that all monkeys, mdoifing 
tbe partly t irr- r t Tiil baboon take up their ileeping pcsta m the area just after 
smwet — about a quarter of an boor before dusk. 
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Fif 3 tlKm the dittribution of the lowlxnd colobio, t true form moo 
vhlch tToids the Tidmtj of dwellmgL It «ni be noted tlm inttaum ipeooesi 
hiTe been obtained m zainy ptm of the Semfild Forest, somedmei «t mock 
ts 6 or 7 raOes from tbe ncxrest hsbltitlons. The high inadencc of unmnmty 
in thu tpedcs (59 per cenL immune, corrected nte) combuied whh ki 
slnmdsDce ind wide cEstribotion in tbe forest, leads us to tbe coododoQ dm 
In Bwtmba it is probably to be regarded as tbe main anlmsl host mToired 
in tbe noet-bamin ycQow ferer cyde. We do not loggest that It is in any wij 
a reaerrtar of yellow ferer for it seems Utcly that In Bwaxobe sj In CoJomba 
(Bootm it aL l&U) tbe insect rector rather than tbe mammaEan bast h 
to be regarded as tbe nros reservoir 

In 4 is sbown tbe distributioo of tbe mino r spCQca. From tbb msp 
it win be seen that while Imnmncs do occor among tbm monkeya, they hm 
been obtained mainly in areaa sriudb are uninhabited or at most sparsely 
populated by man. The abseoce of immunity among specimens taken on tbe 
moon tain, coupled with tbe total absence of immnnity among children In thn 
area la tgam pointed out aa probably signibatu. Tbe monkeys of tUs groop 
are an too scarce or too locsl to be of importance, with tbe possible ocqjtloo 
of the black mangsbey Tbe Ugb incidence of Immonity among maagtbeys 
(corrected rate 60 per cent.) inihatca that rt nntst ptsy a part b tbe ninakey* 
tD*moiikey cyde, parheoitrly m the palm txeas srhere the lewitnd oalohoa b 
scarce or tb^c On the other band, its restneted dhttibotioo and rebore 
scarcity imply that it cannot SH soch an unpottant role as the sndespread and 
abundant eolobus, while its wanness and stoct imdancc of areas inhabited 
by ™n indicate that it prc4nbly has so direct relationship to tbe bomsa 
dhrase. 

Oar cooclosioni are that tbst tbe iowimid colobui 1* probahty the maifl 
anhnal mredred in the ydlow ferer cyde of the uninhabited forest, tbit the 
redtall miy play an Important part m bringing virus bto contact with maa, 
and that the remaining ipedes — oo account of restricted haUtit, scarcity w ) 
retiring bshlta — are of much leas unportance in the epidemiology of jrello* 
fever b Bsramba. 

Tsaia IV 
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Fig 4 — Sketch map of Bwaraba County to show the distnbution of immunity to yellow 
fever m mohkeys_(‘mmor species’) other than the redtail and lowland colobus, and their 
known range, m relationship to the distnbution of yeUow fever immunity among children 

Details as m legend. Fig 2 
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IinmKrrr iw Riution to Six 

The crude diti »berw t preponderance of immunitj among femakx, bat 
when the differen cq in age compotltioo of the aex aamplcx are ehmmatrd, the 
frequenaei of Table IV result From these it it ckar that there h no (£Sereact 
bettrecn the males and females, 61 per cent of the former and per cent cf 
the latter bemg protectloo-test posiUre The X* teat ahowi that there o i 
probahiljty of 0 ^ that the existing amafl dlffercncea coold inae from chance. 

UotUWTTT U« RitATtOIt TO SMCOS. 

Only tvo apeaea hare samples adequate m nomben for compxntoo 
consequently the tabulation (TaMe V) baa been made in three categonea, all 
the amall aamplea haring been combined under tbe beading minor apeaea. 


Tabu V 

pr vwm r amctw swams. monxxti «mi aswacr 

TQ WUOU, COCHfCRD TO STA.TOUC r«<nAATMM. 
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Reference to Tabic I (page 6S8) shows that this group is heirily weighted hy 
tbe baboons. After vsnatians due to difference in age compositioo of the 
species samples hare been etfamnated, it is evident that there are no ngnificaat 
differences among the three groups Gated. 

The Infonnatloei arsiUWe is not auffiaent to per mi t a generafiratr® 

concerning an tpeoet. Some of those which inighj well show marked cEfferenca 

m rite of Immimity (such as the grey monkey and ITfoest s monkey) ere repre- 
sented by rery few indiTidailt. It may be concluded, howeref that among 
■pcaes Important m reUtion to ytlkm ferti m Bwsmba any tCfferencca which 
may enat arc negfigiblc. 

luinErnT m RiLATicrt to Ace. 

In ctmiidcrlng tbe incidence of Immunity to ydlow ferer in relatioc to 
age, we hare been handicapped by tbe scaraty of dau concerning the dursdoo 
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In Table I the results of the wh^ results are 
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L« •j — pr opor ti on of pr ot ection- tot po MU re* t — time in yew* k » ntt 
of increoe of podbre* with time. 

Then, by the hypotboia adrtDced 


- k (1 - y) 


From which, by integration, 

y — 1 a^ where « a denetd from the constant of integratioiL 
\Vbcn the fcmcdoo passe* through the ongin, a ■■ I and the on re h the 
osua] catalytic one with the aaaumpdoo that *11 of the normal mockeyi arc 
ansceptible to yeQow fercr 'Rie fittiog of currc and its mterpretanon hare 
been dlscusaed for human data by Moekch (IKM), who presents also a smipk 
technique for fitting. Where the function does not pass through the odfin, 
then « wih hare a rslue other than unity 



Utmg the Tilucs a I 23 and k -■ 0-27 an excellent fit ia obtanted, with 

the four observed pomta falfeng rery cloao to the theoretical carre. 'rtve-com- 
puttd and obaerred data arc glem In Table VII It ia crident, therefore, that 
the bypothesu of a thnple and conatant cepoanre rats fita the Bwamba dtoanos 
remarkably wtD especially when one considers the large elaas mtemh into 
which the age jodgmeota necessarily UL Thta constant exposure may be 
cither a truly ccotlnuoos one or as seems more Hkdy a frequently reenmng 
senes of eptsodcs, Huwerer the actual spread of nrui may occur it appear* 
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nomul hamstCTt. In •ome expcrimenu the cmulncm nere made up aidi 2 
per cent, ulin^ and kept it 30 C m Older to detennine TThether dm proccd 
bad anj Infloence on the behivkiur of the paradtes in the (In 

case of L. troptcs tnmmltnan by bite of P papAtsm was readily iduc>ed 
this trearment. (Antn and But, 1941).) 

The behiTKHjr of the dagellatca In the aandSy ts rrnnmed np b the foQmi 
log Table L 

Taki L 

Mkfvtv KUTKica or ksam mAW cr U iharcW in P f tf narf. 
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Pi—lr m TmiU I 

(I) la four MiKlftiei tfaa flafclUtat mm ccnflard to tha ■t imiiarh. la oor madBr 
with berry infrctiiai they wm found m tbr iowrr part d tbr csrdJa. 

(3) In flrr trnrfftwi m ilh hnrrj {nfrrtwmi flradTitri rim fiAiml ttwbfil to ftw 
fJttfMl rahm, in one after 3 drya. odt after 6 dr\*, m two afin 6 daya and cm after t 
daya. In foor wndfUn tbe tafrcfinn ectcnded to tba lower part of tbe canSin in om after 
9 days. In cm after 4 dars. In am afbrr S daya and in cm aner fl days. I tbt mnaUof 
tmcnn-om poaicn — ^*4^— tbs iaCretHD mas csofined to tbs tucsadi. 

In TWO ssxlfiwi, both after 5 6*^ BipilsTcs set* found ttacdMJ to tbe ee^ 
pbag^ Tsfva. In one after € days the lomar part of tbs cardk sraa imadnJL In the 
i ttn am iof aeica poahira ttivfflws (be pfmj cai mv anfined to lbs atcmarh. 

(4) I tmt) rsodfttea, both after 7 dm. flafrilaiet mrrs fomd attacbed to th« yn* 
> Tsha. In thrsa awid&es. ana arter 6 days sid aa rm after 7 days, 

tba wrlAfle of tfas CBTcfia. In the icwjaaaa n ten poaith aandfliaa be infrtflan 
ww to tbe atrsmofh 

Tbarc m e r e no eases in mh>d) iba mlectMD mas confined to the canba and in 
c^a of iafe etfap in tba carba tba at o cueb mma heardy mfectcd. I ejffa cd tbe 
in mhkfa tlw infsedon wn confirtad to tba alrennrb flafeOates mmrs reir niaaettm tod 
naiftiplkatian bad obrssuily tabes place. It is tbe rt feet endcnt that tailars ta eictiH 
tbe caidjs does not depend caily on iha oansbe of fiacttliies in the aacanafti, 
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^^(mp1raLoCT or Flaoxlutu a Su<Dn.T 

There It luxhui^ pamaikr to rqwrt oo the cncrpbology of the Qijelhta 
In the nndfij 

After 24 boon the Ingetted khhnunia enlarge up to ^ by 3 5*. Tbc 
derekppmcDt of the fitgeDom cm be fodowed at flrtt h n a Don-ccntianic 
rod protruding from the anterrar end and bceorae* contractile when in lengtli 
appToachet 3 5^ Up to thit point the flieellatci are motioalcta. They do 
not derrlop aunultaneouily' after 24 boura, to addirioa to enlarged IcBlimana 
forma and moQOnleas Qagellarea mlih a eery ahort non-contnetOe fiagdhaa. 
tiuggfah foTTni « ith a body Sift by 3 St> aid a fbgellum 3 5« to 5/^ and a 
fear rery aedre forma 8 to 9 long with a flagellum up to 7 are found. 

After 48 houri leiahmanb fonna are enher aanty or ahacm and tety 
active fiagdlatc forma ‘front 9fi to 23 (length of body without flageBoffl) arc 
found Fonna, with body length I6« to 20^ are very numcroua. After 3 
dayi tbc ahoitcat flagellatea are ll/* to I3i». mant arc 17^1 to 24^ and a fe» 
retch dltDetwIana of 27/i to 3^ m body length — much larger than any 
forma found In culture on Lociw-aerum-agar Suhacqnently there 1» no diingc 
In the type of flagelUta found- Short tUn fomu 4 7^ to 1(V» in length ^ • 
flagellum kngrr than the body wfakfa are ocaaknany found pardamjcom b 
the CMC of L. utftntum In P P e nu ctowtr and L. infHcs in P tn g e n ti mere W 
fnmd. Smee tlreae forma inrade the ( Bi>tmLb more fretjoeBtly than othen b 
the aue of L. tnf^nlum they may be expected to occur bi the rmor rf lab" 
anr b the Sudan ( p r o bably P l^gen>m\ 

Locaur^TKTt or FLaenunra na CHnwotra Pairm. 

In aerial aecdona of aandfllea fed on leiahmanla, flagellatea were fomid b 
the buccal anty 3 daya after the mfccong feed. Only two Inatancea of pro- 
boaria infcctkma mere found, one 4 and the other 5 daya after the Infecting fwd. 

Faauixu ExrXBaacNTa cr* Imticitd IlA-vurmta. 

Twenry laboratory-bred candfUcf mere fed oa a heavily hifecred han«* 0 ' 
AH mere eventually found negaove. Tbirty-onc mere fed oo anoibef heavily 
infected hamatcr two were found Infected, ooe 3 daya ai>d the other 4 day* 
after the Infecting feed In both care^ the infection wat coefined to the aicinaeh. 


IxncTTV’m OF Flaoxujvtu noM SAvamria. 

22A44 Fourteen aandfltev fed on a auapcnjloo of Idvhmanb in ocrtnal 
nlln^ and htactiratrd dcflbnnated blood. 

15A.44 Four nndfljn were dbvected and found heavily Infected the 
oardla maa choLed with flagellatea. 
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Id the cue oi L.mptt£ mmini £nm different tt^cd* differ in the infccikD 
me prodoced in P paptitaS tt cm be *(01 frocn Tiblc IL 
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The aixne dlScTtDca ininlecdrirj fat P papci£ji4 an tpputntij- Inbaeat 
In the ctnin> of Leishtrumt md do not depend on the hon. It ww ibo«n 
(AiTLXit, 193'') that two unmi boUted at an interral of 2 wttlu frocn a 
human bein^ iofeoed expedmenczllf intb a Baghdad tmto (for the porpote 
of racdnadao innm oiiatil Mee pnor to taking up residence in Jerlcm) and 
rubse^ueadj infected tutoially m Jendw (whSe um lesioci {ren the nperi- 
meocaJ inoi^daa was nfll a^re) could be dirttegmahed hj the dlffertnm 
in infecdoo rate* in aaodflW fed on eospnwtotu of fUgefbtea. 

The infeednty of Cream ttrams of L. tmpK* for P popaiam fed cm human 
teskeu wm ray iLght ai compared to that for P trrgmti or cren P msfor 
(Tour out of foiTj-fire in P ptprtam fifty-two out of »rtcnjy-««ai in P aerymt 
and fourteen out of fifty-fire m P msjor) and was rren Unrer than that of the 
Baghdad strain for P ptptiatS (AoLim, Tnxtzwa and WrrxwiDm 1938)- 

In spite of the differences in mfectmty of ranoos strains of JL Irof^g 
for P ptpcUiu there is uniforauty in the forward trend of the fiageOates e^ea 
In slight infeedems. 

The faetoti respootiMc few these differences in the Infectirlry of raiioos 
strains for P papotam are not known but in the case of the Cretan strain 
there b an that It b Inffotnccd by the amount of tenim ingested 

during a mf 1 as the Cgnr es in Table m m^catc (Aniza 1938). 

In the case of the Palestinian strains *he amount of serum 10 

the susprasioo has no infiuence cm the mfeedm me. 

It is ins t r u c tive to contrast these findlngi whh those obuioed with the 
Sodin rtiam of L. donovtni Exanunhig the lanlts of dbsectlocis of Infected 
sandflies 00 cultmes It appears impossible to ascribe a definite Infcctkm rate for 
feeding 00 siBpaaionj continlng from 200 to IJJOO flagellates per 
Ol cJnm. the infection rate dimlnlihes with tune There b a definite 

tendency for the mfecrioo to dbippear and since erery hKhridoal sandfly 
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qukkly plug r etd interiorly The beton »hidi tenri to confine the intection 
to the fttKMcfa had ilw be« errrolnated and the hchiriour of the fUgeBittj 
hi P papAUaS had ipp f c oJm ated to thit c x pe t t ctl id « rnnunimog endfly 
(In the cue of the Sodan ttnm probably P langtrordy 

The bchiTiour of the Sodin nnin ra P pcp*Urit H rather rimiUr to 
that of Italian ctnms of L. tnfmtum and Indian rtrami of L. donoivni both 
of which produce a relatiTely km InfectHin rate In P pM/Mdasn when fed on 
nwpenJiom containing the tame Dumber of flagellates per 0 I cmm. which h 
wifficimt tn the case of Palcstrabn stratos of Ih Iropso* (Anto and Tirroociw, 
1931) to produce an infecnen rate of appronmatelT 100 per cent Howerer there 
appears to be a difienroce between the Indian and Italian mams In that the 
latter though producing a km infectkm rate m P papaUsS wITl when once 
establnhetL p i ogr t sa antcnerrly to the oesophageal ral c white the former In 
two Indian strains examtoed b coainly confined to the stoinach (Anua and 
Theooc*, 1931) A main from a case of Somh American ractral knhmanbai 
resembled L. rn/antwm in Its beharkur (n P pmpataxn rather than £>. dononanf 
(Antra tod Trntooa, 1938). 

BczarTocra or Tlaczzaatzm r* P [mpaUsn a# aw Am nr £>UTtwort*ra>« 
SiTAiHa or Lmhmwnta. 

Dunsg the lijt 20 yan sre hare had the oppommiry of examming 
numerous main of L. nfdnium L. tfoptet and L. rfooorrra the majomy 
Isoltied by o ui 's el es and otben tecelrod from ranoos Uboraiono. In dealing 
with a la^ Dumber of strams we ssere naiurallT faced with the problem of 
bow far they could be disnngubhed by morpheJogy nJlrarrd method animal 
inocuiaikm and beharkiur In sandflies It b well known that in smears from 
hnman material It a quite impossible t detect any morphological dWe i eoces 
between L. ionoeam L. and L. troptta Wevtow (1926) states 

Little assistance ha been obtained Irxwn animal rooculanota for it has been 
foond that L. do no nr r ti which prodoce* a general hifectioo ro man may girc 
riv to purely cutaneous tenons m animals as also In man while L troptcr 
whkh causes local cutaneous Icsiona in man may produce generaDied infecdoo 
m animals. Houtr (1943) Includes aD the human maim mthln a single 
ipcoes, L. donotwm. Houut’s poollon b briefly a follows he adrahs the 
obrlous biological diffeieDcei among honun mams causing dirersc dinical 
coodlnons but mamtains that, since these biological characters arc of no taio- 
nomlc ralue they cannot be used for dcslgnatian of specks. lie die refort 
prop o^ an Independent taxofxirolc status for Udogicx] races of pririflc 
p otoTo a i If this arguroeni it foUowed to its logical conclusion the lefshmanias 
of Ezards L.hrmuiaclyU and L.tgamm should Iso be included In Ldtm<K*ni 

It «ems to us essential to dtstingubh the different types of human and anb 
mil Ictdimamaj by some syitem of Doroenchnirc betamc the differences be 
rween ^hem are real, coo rant and of the greatest nnportancc. Wbmas the 
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organism causing cutaneous leishmaniasis produces a relatively harmless cos- 
metic defect not afEectmg the general health, the one causmg visceral 
leishmaniasis kills the ovenvhelming majority of untreated cases The causative 
agent of oriental sorp never produces a serious visceral mfection in man 
Kat7enellenbogen (1942) inoculated eighty-two human bemgs from macerated 
spleens of Syrian hamsters heavily infected with L tropica and cutaneous 
lesions only were produced 

We think that the different leishmanias can be distinguished by animal 
inoculation L tropica in Syrian hamsters uniformly produces a visceral in- 
fecuon* and a uniform skin infection (without ulceration) as intense or even 
more intense than that produced by L donovam or L infantum, but m the 
case of L tropica the parasites in the hamster are much larger than L infantum 
or L donovam, and there is no difficulty m distinguishing spleen smears of the 
two types of infection (In L tropica in the Syrian hamster organisms 5 6/i 
by 3/i arc quite common, whereas in L infantum and L donovam they seldom 
attain 4 2/t by 2 8/i ) 

All the strains (more than 200) we have personally isolated from cases of 
cutaneous leishmaniasis could be distinguished from those we have isolated 
during the last 20 years from cases of human and camne visceral leishmaniasis 
in Palestine, Malta, Italy, Greece and N Afnca (about sivty strams) and from 
strains sent to us from India, S Amenca and China In all strams flagellates 
grou in a layer near the surface on Locke-serum-agar A small loopful of 
culture placed on a slide (without a cmershp) and examined with a low power 
IS seen to consist of thick granular masses of flagellates separated by less dense 
growth in the case of cutaneous strains, while in the Msceral strains the flagel- 
lates arc almost uniformly diffused throughout the drop (Plate, Figs 1 and 2) 
(In L donovam from India the growth is rather thicker than m L infantum ) 
Howcaer, one strain of L infantum sent by the late Professor Mesnil in 1927 
originating from Tunis consistently grows like the cutaneous strains (We still 
maintain this strain in culture) 

If we take an arbitrar)' standard of 300 flagellates per 0 1 emm , the vis- 
ceral strams produce an infection rate not approaching 50 per cent (and 
usually less than 25 per cent) in P papatasii The abo\c mentioned stram of 
L infantum from Tunis which resembles L tropica m cultural characters, 
infected twentj scicn out of thirty-four P papatasii fed on suspensions of 200 
to 300 flagellates per 0 1 c mm 

We ha\c had under obscnation, since 1928 a canine strain of Msceral leish 
nianiasis from the Pasteur Institute, Tunis This strain also resembles L tropica 
m Its cultural characters and also produces a relatnely high mfection rate 
in P papatasii (twenty two out of fifty nine in suspensions not exceeding 100 

, _ Fuir^ and Gfimax (10421 state that L branbensis produces local lesions onK in 

the bvrian hamster This constitutes an mtcreshnp biolopcal difference between L tropica 
and L branlirims ^ 
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fligcfljta pcT 0-| cjnm.). lo rrfemnj to thn anme »tr»m Aptx* ind Tfaaj- 
DO* (1931) noted that it «« parnmlariy Infectlre for mice in which k pro- 
docei locil leccoj *frcr ioocolition into the t»IL We »l»o niccetdfd m 
prodoani; lodl Icricm In * human bein^ hj inocnljiiing material from the 
tan of an infected iiwu^ It ahouM be itreaacd that in the light of all 
•ubaeqocnt eaqJCTience ihe production of local Icnom m the tall* of mice I* 
chancteratic rf *tiah» of L. tnptc*. 

Wc were potzled by thcae findingt which prerented ta from coododmg 
yean ago that L. inffnlam and L. ircf^cs ate (Eatinguiduble by tbeir col- 
mial characten. Apart from theae raoaframi the L. 01 /anfom atraio* prcaent 
a uniform picture m cnlmra on Lodte-acTOiTvagar We hare at p r e s en t (b 
addxdon to the two afaoormal ttnlu) the following rtrauu of L. infantum 
under cukiTition aht rminc malna (three from PaJeatine two from Greece 
and one from Malta) and rwcoty^xie human ttralns (two from Greece oce 
from Cypna, foor from Malta, four from Palmiite, one from N Africa, rite 
from Italy two from Sudan and one from UthrUstan) All of them can 
readily be diatmgoidwd in culture from twenty-one nrahu of I~ trof«c« Three 
atrains from ca^ of rtacml leiahmanladt from Bruil and one from China 
are indhtmgnuhxbfe from L. tnfanltmt In culrort. 

Mate* and Raj (1929), worting wnh fire itnuni abo fotmd difference* 
iQ culraral characten oo Kfilkr a medium. 

It h interefdrg to ooee that other abnormal amm aho originansg from 
North Afrfci hare been r e co r d ed by ^omio and Homo (1927). Thoe authon 
woAed wWt fire main* from TunW where they had be« under cultiniior 
for period* rirynig op to IS year* and had origtnaOy produced raceral k*iont 
only Two atniu were of haman ongin two from tiweral InfectJom in dogi 
and one from a gedta TarentoU maurtUmca. 

They found that ImicnlaHoa of thoc irrats mto Chinese hamsters pn> 
dored a fiacc ra l infeetioo hot. tfrer ■ lapse of from 2 months to oxer a year 
rwellrng* of the Joint*, te»tei ditorK nifUtriUoa and ukcratioo at the base 
oi the tall, rtoac and margins of the ear* occurred ^STih the appearance of the 
eiTcmal lenoo* the nwe^ infection dnnlni bed Hixtita and TnoMvrr (1^2®) 
nude nmfiar ob<eTatkm* wHh a North African human imln of L. infantum 
During the latt 15 yean we haie examined manr tttaia* of Z*. nfanSmm both 
hnman and animal from SkJly Malta, Creete and Palestine and found that 
Iwth m Chinese and Syrian harnrtcr* a peishfcnt Tuceral infeetton ts produced. 

■U e cannot account for the abort dhere pa ndes thoogh pcreial powlblUfles 
rtggeu tbc m sch e* either the abmmtui strain were onglnally L. tnyfaca or 
if they were L. they had muated and becosn IndininguidvaUe froro 

L. Ir^ca The Infcctkm of hamsters with a nrain of Jei'bmanu from Tami- 
tola mawrrtamca is r\en more difficult to understand Atnat and Tmww* 
(1930) failed to Infca gedcoer br InoctJatlne nfected boce-marrow from a 
<*<< of infantile kala anr and from culrures I L. infantum The same latbors 
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(1929) had pre\iously reported on the behaviour o£ two strains of L larentola 
received, one from Tunis and one from the Pasteur Institute, Pans Both 
strams adopted an anterior position in P papatastt We still have these strains 
and they resemble L tropica m their cultural characters 

The study of a large number of strains isolated personally, justifies the 
conclusion that the cutaneous and visceral leishmanias occurring naturally in 
man and dog in the Mediteranean basm differ in their cultural characters, 
pathogenicity in their natural hosts, behatrour in animals and m sandflies 
Indian visceral strams can also be readily disunguished from cutaneous ones 
by behaviour m Syrian hamsters and sandflies 

The visceral strains differ among themselves in susceptibility to organic 
antimony compounds and to aromatic diamidmes m both hamsters and human 
bemgs Infections caused by the parasite of Indian kala azar are more easily 
eradicated than diose due to the parasite of Mediterranean visceral leish- 
maniasis 

Summary and Conclusions 

Sandflies, P papatasit, were mfected with a strain of L donovam from the 
Sudan by feeding on suspensions of flagellates and on leishmania from the 
spleens of infeaed Syrian hamsters In sandflies infected on cultures (200 
to 1,000 flagellates per 0 1 cmm) the infection tends to die out m a few days 
In sandflies mfected ivith large numbers of leishmania [ca 500,000 per 0 1 
c mm ) permanent infections were established and the flagellates reached the 
buccal cavity after 3 days 

Flagellates from P papataw mfected with L donovam (Sudan strain) pro- 
duced a generalized infection in two Syrian hamsters after mtracutaneous 
inoculation 

Heavily mfected sandfhes, P papatastt, fed on normal hamsters gave 
negative results 

The behaviour of various strains of leishmania m P papatastt is discussed 

L infantum can readily he distinguished from L tropica by cultural charac 
ters, by the relatively large size of the leishmania forms of L troptca as 
compared with those of L tnfantum (and L, donovani) m the tissue of the 
Syrian hamster, and by behaviour m sandflies 
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MUCOCUTANEOUS LEISHMANIASIS IN KENYA 
(with a Note on Penicillin Treatment) 


BY 

FRANK PIERS, m d ,• 

Honorary Dermatologist, Native Cml Hospital, Nairobi, Kenya Colony 


Before the war, leishmaniasis was rare m East Afnca The Abyssiman 
campaign, however, resulted in outbreaks of kala-azar among Afncan troops 
engaged in operations in Abyssima (Tobias, 1941 , Anderson, 1943 , Cole, 
1944), and in a number of cases cutaneous lesions, mostly of the post-kala-azar 
leishmanoid type, were observed (Cole, 1942, 1944) One of Cole’s cases, an 
Afncan soldier who had been in Abyssima for a year, presented a purely 
cutaneous type of infection, somewhat resembling onental sore Similar 
cutaneous cases were seen in the first war years by Manson-Bahr (1945) m 
Italian internees from Abyssinia, in Indian soldiers recently transferred to 
Kenya, and by the writer in 1943 m a Rumamah refugee who had lived in 
Palatine before he travelled to East Afnca All these cases were obviously 
“ imported ” ones , the inference was that the infections were contracted in 
endemic areas outside Kenya and, owing to the long penod of incubation for 
dermal leishmamasis, only became mamfest in East Afnca 

The only area in which leishmaniasis was knovm to be endemic before the 
war was the Northern Frontier Distnct, situated between the Uaso Nyiro 

• The writer’s thanks are due to the Acting Director of Medical Services, Kenya 
Colony, for permission to publish this report , to Dr G L Timms, pathologist, Medical 
Research Laboratory, and to Dr W G Kerr and Mr Arthur Mbuthia, dip med e a , 
of the Native Cml Hospital, Nairobi, for their kmd assistance 
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nvcf and the AbyrrirUxo b<wti« t few oics of kah war were reported from 
there pnor to 1&40. (Axoascci IdO) It may tberefore prorc of mtereit to 
record KD apparently autocfatboDOus oae of nhiaKUtaneoua leiahmaoU lofecdoa 
from 1 diatnct jn Centnl Kenya in widch a nninbcT of instance* of TUctnl 
laihirarduu have occwred quite rece ntly 


Caw HmxatY 

The pcticflt wu totk Klkamhav ttKd about 35 froen Mwu Imtm betwven 
Maebakoi and Kjnn, tba Nra ttwfci ceotna of tb« Ubmba t ea m aaat of KalrofaL The 
patimt lr\ed tbera uatfl ha west to Kiambu (near NtnobO to aratk cm £aim. after few 
raoQtfaa ha returned to Kinu wUdi he left agtio far NtsoU ia Jamary t^S He took 
op work with tha rtiIw«T wd Cved at ttw taSwar taodita tmr tha toviL. 'Hw pteaent 
coodrtkni bcfan to da<nlop abordy tfcar tda arrbral fa Nabcdd wd ha was ackatnad to 
Natfro Cfr^ KoapiUl on (2di Beptmdwr IM5 

On atknijaaiu be am faubd to b« fa nthar poor cut* of c utiltlmi . Tba twsperatniti 
and pota* wv* nocmal caan d nitVai of tba iam caiiu a meakd nothfaf of fatereat 
tbe ap U aa cod Bm wera not 

Tha faca of tba patiaot am (ready d hfl c pg ad by ddfaac awcOfa* of tba uppar Up 
and of tbe CKrt ilacl o o m part* of tba noaa itfa of tbne pwta tm daepiy fafirUated ; 

tba eptdenm wn t hfao a d and tealy aberwfag aceie aaptr&taal artakn*, nafaly m tba 
RSlon of the phfhnam, frten whicfa acm-faiT^aii fluid axudied. Tba htt of dw upper 
had djaappeerad frem tba aflectad part*. Tha noctrib ama tijixh dbtcfidad tba 
rwbt seatrD «u blodud ead expended by pUypu a M i a nm whkfa protroda d £rm K, 
fated mily eo toueb, cod coade tba l ea m ia tt m a gamdcio ienpoedhte (r«. I) Ttw left 
Bcetril cm nor* ir.ri.*iIV,i1i i dw c nocf, Ma *m eetoox perdy eroded tftd cwt j td by thfa 
cesQy t wixwb te enstv Tbe odcou* mobmaa at lb« mouth ud pheryTa «m not 
aS w ^l ih« ty >wp*««nit efanda of fa* nede a y p oa red to be tfaffatly eaterved fact net 
tender *nie wfaote coa^Mi tm a ppai a n i lj i’ ipaW pafateaa. 

Ltharttary pxnint^t 

Kahn raaetnei i i eram *. Polynwteerf Mperrait. 

Blood ceuit E-BC. fJBOWO Lympbocyie* 32 

WAC. 7 000 Monocyt** 1 

C-I 1^ Eoa u mp b fla S 

N milcrtt paraaatfa pmot 

Stemd puootoi* N abDOnnalfae* of cafl pfatur* oo panabe*. 

Subepatennal ptmctai* of the nBttivted akfa pedymictear and nwercipheKi c*fl a. 
Tha procopixeoa of the tetter coctaeM larpe p m t b e i * of JewlnBaaia of r a/ y In g teae w»d ihept. 
Ocafaaoally tbay ar« fbuod extra-cdfalaily Sioear froo] eToakD of t^ upper Ep P^ 
oodear caQi aod c o c cL 


Hatvfaikckfj 

fBJop*y from the right aide of the upper hp.) 

The epidenm* » em crc U by {oo>c paratctitotic msaea, the apace* between 
winch are SDed by fibrm and contain mmy pdynudear cell*. 

The rcte Malpegfari ibowi marked interceDular (ipongwei*) and inta 
ceDuJir oedcn», ami U hi osoat place* reduced to five to nx taycn of cdb 
The rete peg* are flattened oat, but in aome place* Irrefular epitbcDal peoBfera* 
tion into the corium i* notable (acanlboda) Polynodcar kococyte* are Ire 
qucntly encoantered in the intercelltilar apace*. In one hutaoce a Urge 
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D»ed m ifphQology but « cfiruioQ into pri nary tecoadiTj tod tertiary 
appear* to be aucoatfal ooJy in the caae of deruul Ictraua ataockted with 
ttar Of the Minom purely cuuaeous and ulccrooi mucocataittoua focias 
nc* enough b knctwa a* yet to permit «y»teinacaing. The diffeientiation of the 
dinica! type* la far from accompQtbcd and there are too many mtann-^ of 
tramtlooal and borderline typea. 

In the caae presented here, certam features are renumsccot of American 
(olceroua, mococutancam) Idahmanlasia but the rcsetoblaoce b merely 
nperfidsL The Inrolrement of the oaial rnTt^ma miy be atbcr primary or 
due to a coQtinuoua apread from the infected thin of the upper Lp. The nasal 
lesjoDS are certainiy not aa deatructlirc as those of American laihmamaju the 
pharynx u not affected and the lesions teemed to rcspood to treatment mne h 
more rcadOy than typical American Idshmtniaals and some of the serere 
idceratiofu seen in the Sodan (HouPOaim and Marttx, 1935). It may be 
noted that nasal polypus baa been dcacnbcd as a rare compllcanon of the 
American form by Covra (ld44) and other BranEan isockeTS 

The cutaneoot infiltration of the upper bp tm of a type not infrequently 
seen intabercoloeb of the ikiQ ttyptcal form of oriental tore resemblioglDpoi 
ttmudia hare indeed been descrthed by Italian workcn (hlo.'OCCUJ 1936 
NtcoLAD and htauu, 1930). The histological ptexarev hcnarrer shored no 
agna of a tuberculoid atructore— w hi ch agtm is unnsuaJ connderlng the long 
duration (8 montht) of the mfeedocL Other unusual ndcroscoploU featores 
were the preae o ce of a large macrophage cell, loaded with parwes, in the 
middle of the epidemta while cells of tfao type hare occanenaQy been found 
lyptg between oelb of the basal hyer (McCattht 1931) they seem to be 
gaerally unwilliag to trarel further through the uncoogenial territory of the 
rcte hUIpighii — unlike the polyaudear crib. Endothelial profiferadoa in the 
deeper akin vesselt it another oRCommon finding 

EpidemioiogicaQy the Imerest of thb case lict in the facts that the patient 
came from an area i^ch until recent times \m thought to be free from all 
types of leiihmania infection, and that It Is the first cate of cutaneous Idihraamasb 
m Africa south of the equator Waiom- (1W3) when presenting a case of kala 
star in a natire of Kenya who bad contract e d the nfcctwo in Abysauua, referred 
to two more ktb-atsr pctienu whooi be had r ec en tly treated and who never 
had left thar homes in the Kamba reserre near KituL Smee then six more cate* 
of kala-axar hare been treated in the Nstire Gril Ho*pital, Nairota. fn of 
these patients were 11 akamha from foeanoos near Kitoi who bad cot been 
outside the reserre. TTie Kamba r es erre ta a densely populated and eaidy 
accessible district south of the equator sod east of the Nairobj NaJtyuki cnlway 
hue It does not border directly upon the Nonhem Frooocf Dirtnet north of 

Fox (1*31) rw e nj ^nd* repkanj dw *eTiB rapoodM wWdi k teo) nwa r 
Hard k) Peru wIt bB iwikrwwn ta other Amenoc c um wrc* by tha isora csaBprthen*' 

** Jixatrktei tanbiiumwtk. 
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the equator which* was known as an endemic distnct before the war The 
location from which the present case came is nearer to Machakos than to Kitui, 
and so far no cases of kala-azar have been recorded from this region It cannot 
be decided at present whether these cases indicate the presence of a true endeimc 
focus of long standing which became known only recently, or whether war 
condiUons (movements of, ? infected, askans on leave, traming areas near the 
reserve, etc ) may have caused a spread of the infection from old endemic foci 
to the Kamba reserve There were many Wakamba among the askans of the 
East Afncan army, and the neighbourhood of the reserve ws the place of 
considerable military acbvity dunng the Abyssiman campaign and afterwards 
It may be noted in this connection that m the Sudan, a coimtry in which leish- 
maniasis has been studied intensely for decades by expenenced workers, a new 
endemic area was discovered more recently (Stephenson, 1940) The occur- 
rence of dermal leishmamasis in an area near a focus of kala-azar parallels the 
regional coincidence of dermal and visceral leishmaniasis seen in the Sudan by 
Kirk (1942-44) The imusual character of the cutaneous lesions suggests the 
presence of an atypical strain of Leishmama tropica , or/and the possibihty of 
secondary bactenal or fungous invasion of the lesions This has been suggested 
in the case of American leishmamasis by Ruge (1930) 

The rationale of the pemallin treatment was not to attempt a therapta 
inagtia stenlisaus — this has been tried before, wthout success (Snow, 1944) 
The intention was rather to clear the way for an uninhibited action of antimony , 
as the possibility of a secondary infection was to be considered The procedure 
^vas analogous to that suggested by Hargreaves (1945, 1945a) who found that 
chrome cases of amoebiasis showed a better response to emetine after a pre- 
liminary treatment with pemcillin and sulfa drugs The results in the present 
case were not discouraging, and one may feel justified in exhibiting this 
treatment in similar instances of ulcerous mucocutaneous leishmamasis 
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EXOMIYTHROCYTIC SCHIZOGONY 
IN PLASMODIUM KOCHI LAVERAN 
A PRELIMINARY NOTE 

BY 

P C C GARNHAM 

Dtvmon of Insect-borne Diseases, Medical Research Laboratory , Nairobi 


Monkeys of the genus Cercopithecus are frequently found to harbour maltnal 
parasites in the red blood cells, the parasites apparently being gametocytes of 
Plasmodtum kocht Some infections are heavy and consist not only of mature 
gametocytes but numerous young nng forms as well It was thought that in 
such cases dividing forms must be found if a thorough search were made of 
the internal organs Several complete postmortem examinations were per- 
formed, and smears and sections were made of the brain, spleen, liver, lung, 
heart, ludney, lymph glands, mesentery and bone marrow Nothing of interest 
was seen until it was noticed that the surface of the livers was studded with 
white or translucent spots The lesions varied m number from one to a 100 
or more As a rule the number was limited to about ten The diameter of 
the largest spot or raerocyst was 2 mm The foci are most easily seen on the 
surface of the organ, but they exist also m the mtenor Two kinds are 
recognizable, a white and a translucent, and these represent different stages 
in the development of the parasite The translucent cysts are raised shghtly 
above the surface of the liver When incised a colourless fliud escapes and 
this liqmd contains white flakes which have become detached from the mtemal 
surface These flakes are just visible to the naked eye and are actually the 
developmental form of the parasite 

Smears made from the merocysts, stained with Romanow^ky, present a 
characteristic appearance Two types of structure are seen, red staming 
merozoites and schizonts of different sizes The merozoites are usually in very 
large numbers, scattered widely throughout the smear They are round or 
oval in shape, and appear to consist solely of chromatm Owing to their 
softness they are liable to distortion and in smears are often drawn out into 
red strands of great length The schizont vanes in size from a small oval body 
^about 4fi long to large irregular masses 40/i or more in length In the younger 
or smaller forms, the cytoplasm is dense and of a deep blue colour and scattered 


o 
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through rt» »ub»tioee are the red iUlning nudei or mmaoite*, A» dcrdop. 
ment pro w rfa the cytoptem becocua 6ner more lightly cokwrcd, aod oq 
natnntion of the pamite dmppeir* entirely lanag t^ nncJn bare, A 
highly characterixtic f at ni e of all but the mnUat fortot i* the prcaence of 
one or mcfre vacuolca -onthln the acbizont. There U no pigment and the 
pcmita arc apparently DOt luide any of the time ccQ* of the 

Serial aecUona of the Iher fod Indicate the more exact nature of the 
eppearance* aeen in the amearv Three ttages of dertjopawnt can bo recognoed 
i^ch poaaibly may be diarifird aa foOowa — 

(1) Cytomere fomaDon, 

(2) hlatuie m er oejat . 

(3) Varuns degreei of degcneratHm of the paradte, according to the local 

tmue reacticfa. 

Macroacoplcally the tnoaloccct cyata coneapond to (2) and the white foa 
either to (1) or (3). 

*ntt c y tomer e rtage can be brledy deacribed aa the iofoUmg of a plasuyidiil 
miM with a pet i phe^ dlrtribDnioa of oodo. The general picture beaia a 
doae reaetoJUince to the derelapCDent of Hofmoprpitn In the Ixrer or kidney 
of the Bagh<hLd iparrov (Wexto** I6C26). 1111# atagt Gke the later onea> 
occun m a loeah^ tpbere rttmuoded by Inrr parenchyma. PoIyrnorphO' 
tmdeaf letraxytea are n uj B er oua aruood the cy Totua ea, and the rub*et]^t 
OJurae of erenti appont to depend upon the aucceaa cr ^ilore of these and 
other dame ceUa to deal with the paraaitc If the parante win, itage (3) 
esruea, by oudear rauhrpUaitKtQ within the cytomcrea, the dhappearaoce of 
the thin wiQa of the latter and thar ermtua] coaloccnce to form a cyst wall 
packed with menatoicea. The cyrt wtO endoaea a carity Shed with fluid m 
wlncb itnpo of the cotleaced cytonierea dangle and occaaionaHy break free. 
The actual wall a a hyaCnc atracture. perhapo denred from the cjrtoplasm 
of the cyt omer ea, whtdi c ree p a for a abort in fingethke p c o cc ta ea 

between tbe tieaue cclla. 

Theae mature mero c y a ta are aurminded by flattened hrer ceUa and aoine' 
tnnea by a narrow border of fihrobUata but turuc rtactKoi at tha atage b aa 
a ruk Dcghgible. TTie host reaction caiftcr a highly charactemtic. The 
polyntoryfiODudear leucocyte reapoo ae may be tucecacful early on and aH aigsa 
of tbe pansitt (Esappear in what is in effect a aman abaceaa. If the parasite 
manigea to am Tire, tbe (eucocytea retreat and tbe cyat torrounded 

with a layer of flb^Uata and giant ceUa. Around the macare cyvt little of 
this ceSukr icactioQ remains. 

The bcgmnmg and end of the cycle are unknown, but it acems Hkdy 
that each foevt of cytomcres repreaenta tbe product of the mulDpticatioii of 
a single aporoxoite or meromitc wfadat the meroioitea of the mature eyat are 
in such cloae contact with the liter tiaaue that h s ee ms probable that they 
escape Tia it U5to the areulatton wfacr they grow into gimetocytea. 
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The type of *chliogony docribed m ttu« paper i* ttwre tkm to that of 
H^rmepnOm than Pijawiodnm. Enn the exocrjihrocytic •chliogony of the 
latter n not rcry much like the koda •duiOQta. It nuffat be thought t^ keda 
•bould be irmored to the gemn Htemopnttn but there are tn reaaom agaloat 
tho. Fimlj HttwtopnUms compnm panalte* of nommammalnn nuckatrd 
Mood with *• HdUn£Mm ” gametocytea and, aecoodly whflat part of the achlxo- 
fomc cjrde rwemhlca that of Etuwnpntna (c#^ the formauoQ of cytomerea) 
the later cjitic atagea arc tmIqDe and quite tmlike anything hitherto deaenbed 
in the H a e m o ap ondiidae. 

Dr ^\ntTart faa* drawn my attentioo to a paper by Letaditi and ScHOCf 
(1902) who deaenbed the appeartneo In acetlon of thcae brer bodies in a 
baboon They failed to aaaociice them whb malana and called than Bep*b>- 
cyitn amm 

A fuB report on these parautea win be pobbahed Uter 

Sou^titrr 

1 Tbe liTcn of fif teen ont of afatteen monheyt ahibltuig P koda in the 
penpbetal Hood abowed while or tranalucent ipotj which are thought to 
repTcaeot a itage in the derdop tu ept of the pai^tc The lirtra of aeTco 
monkeya cossutendy blood oeganre were apotl» 

2. Smean of these spots or m erocystt coBtained aumeroos free mero* 
tottea and onpigoented sehsoeu of Tityini uce A chnnctenstic fetture of 
tbe achmmt b the prcseaoe of ooe or more vacoolea. 

3 Sectwoa remi tbe deweloproent of cyt o m e m which Uter coalesce to 
form a cyst wall packed with merozottea 

4 The host reaction U cbaracteriatic — at firtt. there is a great concen- 
tratioa of polymorpht, and Uter these axe replaced by fibrobU^ta and gunt 
ceUi 

I hare great pleaattre in thanking Dr C ^L \\exto:< and Dr Cecil 
HOAU for examining part of the materul and for making ranout auggeationa, 
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CORRESPONDJ^NCE. 


MALNUTRITION WITH OEDEMA IN THE GOLD COAST 
To the Editor, Transactions of the Royal Soaety of Tropical Medicine and 

Hygiene 

Sir, 

I have recently read in the Archives of Disease in Childhood, June, 1946, 
an article by Dr B A S Russell, of the Colonial Medical Service, Gold Coast, 
on the prevalence in Ashanti, Gold Coast, of a malnutntional illness affecting 
children in which the predominant signs are generahzed oedema, which may 
be very shght or marked dryness of the skin and sparse hair on the scalp, ulcers 
on the legs or buttocks, and mflammation of the mouth Diarrhoea is present 
or reported by the mother The sufferers are young children, 2 to 4 years 
of age, and the mortality is high 

Dr Russell refers inter aha to Dr C Williams’ report on a similar 
illness near Accra (^Archives of Disease in Childhood, 1933) and mentions the 
opimon generally held, that a protein deficiency is the major dietetic cause of 
the disease A photograph of a fatal case which attended the Kumasi Welfare 
Climc IS included Dr Russell implies that the illness is common, but the 
number of cases seen in Kumasi is not stated , nor is it mentioned that any 
cases attendmg the Kumasi clmic resembled infantile pellagra such as other 
waters have descnbed as a terminal comphcation of this condition 

My purpose in wnting is to draw attention to the apparent laiik of official 
cognizance of this well-known and grave disease which the appearance of Dr 
Russell’s article at the present time suggests The conition was first 
described in the Gold Coast Medical Report in 1931 by Dr C Williams In 
^1939 I published a monograph on^Diet and 111 Health in the Forest Country of 
id^Gold Coast (H K Lewis, Ltd ), in which I recorded some 210 cases of 
childhood malnutntion, seen at Akim Oda Hospital, Ashanti, in 1935-36 
Oedema was prominent in many of the sufferers, usually accompamed by 
diarrhoea All the severe cases died , a high proportion of them developed 
a dark flaking dermatitis, typical of pellagra in distnbution, before death The 
composition of the local iet was studied critically It showed the faults 
generally recognized, in particular, extremely low biological protein Photo- 
graphs of many typical cases were included 

In 1940—41 I earned out an offiaal diet and nutrition survey of the Gold 
Coast. In my report I again drew attention to the prevalence of this pellagra 
type of malnutrition in Ashanti , and made certain recommendations, including 
a mutually beneficial exchange of red palm oil and ground nuts between Ashanti 
and the Northern Territories respectively (The N T diet is grossly deficient 
in Vitarmn A ) Ground nut cake (the nut residue from which the oil has been 
expressed) contains adequate amino-acids for the normal growth of the young 
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The results of that visit -were published in detail in a privately printed report 
(fifty copies) in July, 1938, and m a more abndged form m J trap Med Hyg , 
Apnl, 1939 

In the discussion on Colomal nutrition and its problems, one notes no 
references to the deficiency diseases which occurred with such frequency 
among the P o W in the Far East, and, incidentally, for the most part within 
our Colomal boundaries Surely those experiences described as they have 
been m such detail, and occurring as they did under such well-defined circum- 
stances, are mvaluable, and, as Dr Reed’s admirable — though mcomplete 
— survey has so well illustrated, the syndromes found there were not new, 
but have been shown again and again to have occurred in many parts of the 
world, particularly our own Colomes Moreover, certain common factors have 
clearly emerged, namely, that whether precipitated by poverty or ignorance, 
pnvation or durees, captivity or detention, indifferent or incompetent dietary 
management, there has been demonstrated that when the dietary has consisted 
of such foodstuffs as sugar-cane, mamoc, nee (deficient in all the “ B ” 
Vitamins, and other nutnents alike) as staple foods, and there has been an 
msuffiaency of protein, these conditions have been produced While the need 
for continued mvestigation with further excluding trials, etc (especially being 
made possible in the light of still further advances in biochemical knowledge), 
of extended and other survey, remains obvious, it would appear — as we note 
also Dr Davet has stressed in these discussions — that many practicable con- 
siderations are open now to implement a more active policy in the prevention 
of these syndromes and of malnutntion generally If one might be permitted 
to add to these considerations benefiting from one’s own experiences in 
Nigena, may I make the followmg suggestion The prevalence of what I would 
term now the “ pellagra-anboflavmosis ” syndrome with which was so com- 
monly associated nutntional retrobulbar neuntis — ^was particularly marked in 
certain schools there (at least the severity of the visual effect, if left untreated, has 
been again fully emphasized by the P o W case compare with them “ the 
school child listening in school because he could no longer see to read ”) And 
though, no doubt, Nigena, hke all other producer countries, is expenencmg 
a penod of prospenty — ^but I believe, as events followmg the previous world 
war have shown, only an artifiaal wave of prospenty — and mamfest malnutn- 
tion may have temporarily disappeared, it will come again I suggest, then, 
a method by which at least we can make sure there can be no possible recurrence 
of these conditions m schools and institutions there These are — 

(1) Compulsory medical inspection of all schools at least two or three 
times a year This inspection to include, and have recorded, routme 
visual tests 

(2) Compulsory provision of a balanced dietarj for all boarders 
whatever the class of school Government, mission, pnvate 

(3) Registration of weight and height of all school children preferably 
at the beginmng and end of each term , with penodic checkmg (The 
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me of KTipht recor di ng in prUom ba prored one of the mo«t Tiluabjo 
cbcck« on nntntion in Nigen*.) 

(4) ProTwion of one free school rnal « day for that dau of scholar 
I hart teriotd the bc«der-out,” tc vrho it too far siraj to lire at home 
tCM3 poor to be a true boarder but who lodges with fncndi obuma 
hit own food at nrymg intemJt from hia borne does hia own cooking, 
or cUe 11 rubaoted as a lodger — a pmuaoua though largely unaroidahjc 
ayatem, and to conaider thia pronaion ai a pcmible cxteniKm for the rery 
poor 

If a wbolc tune schools medics] semce could be prtmded it might go s 
very long way with these prtmaiQn* to cosort a sou^ nutnUonal standard 
for many of the younger feneration. 

I am, etc. 

Cheltcnhain D FmcsxuJ) Moo« 


HAHSOK AKD CHALMEBS HEDALS 
The tad CRAioaxa Mcdab wifl be presented by the DcwPantcctT 

at the Aonot] Genera] hfeetinf of the Society to be held at htaason House 
on Thunday 19th Jtrae 1W7 

BUnMn MedAl Awuii tor IMl 1M4 lad ]9i7 
At the Cotsal bdd on 20th hftreh. 1947 the Mcescet htCDAU were 
awarded as foUows — 

1&41 professor Emoj: Butuft Fscoltd de \I4dmn Pina 
l&M Sir 9. fUcTAto Cianropnnt*, cLt fjul ijix (ret.) 

1947 Dr Cfuiua Moslet Wcotn c~m.o t aA 

Chalmen Aledil 1947 Award 

TTie nomiiialicni recetred were cotwdered by the Council held on 20th 
March, 19f7 and the Cnujiutt Gold Mecu, 1917 was awarded to Dr 
David OaxrtCT Datit BtologTcal Department, lopenal Chemical (Pharma 
cttjticali), LttL, Miacheater 


At Uw Counefl beU on lOch April, 1147 it wm dfdrtsri to annl m I91S tS« this# 
outettodma Chumu AtiTLit.! diM (or IMI 1949 tad 1919 rtsptcthtlf 

Act Frikiw w cstidrd to mak« oo u M na twn. Tbe yraocmet ahafl dnnth wldi th# 
Hmemrr Sccretcnc* at Um S oo tt y not bter thae 29ta Ftlu uaiy 1940 tt i t t cwn t 
mhxh murt kidude tb# Jotkiskw dau — 

( ) Data of ao m ave* tartb. 

(i) A drtmitd tUtaneat of dam for ctoudetaicn, mdtcatirn th* rear 

oc yeert m sbadi aar work meotnord was earned ooL 
( ) A btf the po w wa puUiihad pap a i a with data. 

Fan ceaubuotn of a w ar d are to b* loond m tba Fear Dufc , p. 6. 
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THE SECOND ROYAL SOCIETY OF TROPICAL 
MEDICINE AND HYGIENE CHADWICK LECTURE 


OBSER\ATIO\3 0\ TRYPANOSOMKSIS IN TIIE 
BELGUN CONGO 

m 

pKirnKm U M- J J \AN HOOF jcd 


Rmnr of tim c^imI <p kl wBit A3 C ic« J w Ua t i on. 
\AX 1 IiTWM 0 < DlCO RtXIITAltCS 
(1} Orlcn ei retiumt 

(2) \ cnstiocA in nxMoc* dori 

(3) coti»ei{umor« n tfc 


^ uuTKffO B< % isinjKi a:«i» PaTBocaencrrr icgi >lur and 
Axmuj 74S 

(1) e( T In 

( 2 ) ^ nri K fa Oi la Tlnlkttc* muS {MrtbctcaJdif b mm. 

(Tj T hrwi aoid ia KbpabiLo^ to tma. 

(4) r jniUiwtf A tKtM*. 

(5) Oban^ uioo* oa ItBraunltf 

\AnuTMrt> H Ctcucal TkAnuBOort 7 S 1 


’Hiae otMcrmsOQ* uc Uk result of raearches node in tbe coum of Uie 
Uit 16 ye*ri, together mth Dr C HctmAU> tnd Mile. PEZL I prciem them 
lo the oMiae of the team, and it H mr durr to saj that mj eo-worken hare 
made cootnbtmons at least a* important aa oune to thtf woiic. 


IWTBOPC C ncPr 

MTUW OJ» TKf kCTVU, EPttEinOUXaCAL imuTlCCT 
^Vh2c Dot oetketiog toy tneana for fightun the taetae, the pnoapal object 
of the Medical Semce in the Cengo baa fer many yean been the ilcrniiaDoo 
of the hunMQ reaersw of tryp«noBotnea 'ITia policy had abore all a bumara 
tirim object to rare the greateat oatnber of patieati. Bat it nude great 
denondt — Dumenma penoofid ■ duapbned populatkaa, rtfioos retire dmga 
in ahuodant eopply cch-opentiOD of the adnunatmirc autbontiea, and a tpint 
of sacrifice and dn^oD m doctor* and thtir tMbtanti The tficthod, morcOTcr 
ns only Tsioible on the undeiatanding that t vts proaecoted eSdentlyhi 



HOOF 


j HOOF * 

^ ^ iwas 

'"? ttw= -* "“‘ 

a long ofn< 


^C3^ 


Examined 


0\d cases 


Scv. 


under exarnina^ 


o^\4r> 

7 704 471 

n 120 O'l*' 

'.’oso.so- 

0^770,440 

2 0‘'5 

o 832 OS't 
1 3, '>"2 

2^824 00' 

\ 4 350, 2'0 

I D 282,040 

, D,0''^.-‘^- 

5,034,334 
5,240,844 
4,800,000 
3 048,243 
250 050 
3 024,820 
3 743,34'3 
3,203 435 


50,335 1 

10,260 \ 

1 10 

70,940 

24 440 \ 

4 12 

40 372 \ 

27,040 \ 

1 20 

50,244 1 

1 2T 302 \ 

0 95 

70,423 

\ 25 562 1 

0 35 

02 232 

\ 24 3^0 \ 

0 38 

73,208 

\ 23 939 \ 

0 03 


80,443 
00,''-^ 
53,429 
50,980 
43,785 
40,540 
33 480 
35,404 
04 930 
25,254 
20,822 
18.033 


24,401 
” 18,930 
18,303 
14,021 
13,454 
12 880 
41,833 
10,954 

9 908 
10,093 
10,4^2 

9,444 


4^'^ V"93 435 \ ^^tVic personnel 

i 4045 i— ^ J^mte tllC increase folloiV a 

Ttbe^ars 1936-3'’ r^^^-eaimcnt, tiac r j^fccicd 

KcNcrthclc-s since tbe ol t ^ ^ per cen 

.-ir^ -‘.f: - -"Si • ;; 

,bicb liad onl 3 , lant since llien rb H ^^^^j^jcals bu 

,bcrc 4 bc campaj^^ pabbsbed olbcr Directo^^*^ « 

«r\n\ur> ^ «Tnif\c ^no _-.rt-ocpA . /'V^prno 


^^bcrc 4bc camp jn^ abbsbed olbcr *e Directomie of 

of mir cnq4nr3 " jr^amidc and increased of tbe ebemo- 

a\^o 40 aiilimona ^ jt ticcca-ar:, 3 more 1 ^ el called m 

Medical Scr.3cc3 bell cbcmopropl 's , medical pem measure 

“ol’ «< "« "t77n ot J<i p^p- 

Dunne ,cd [otccs. tte '’'"3 ton 'n' P'”*"*^' 

prn.. pun <" f';™ ,n<nrnl •.ml *"' coJom c foe ™ 

"-'u ‘■"'.'“''.Jta ,u,df of n""” " J h-"' 


-nTYOKWOMLMII 


L \AjUAno.'«i Df Dtm> Rm»TA.*«x 
Tbc idea that tlnentit UTputoaome* nwre mututthan other* to traaucah 
h tlrady old m the Bclfito Cocgo lud moit not be nustabcn for the recr n de 
•ccsce oif pam^tes daring the treamtAt of cfarooic It wts tadicated 

by B*otiE< (1906) end by Bicodw tnd Roottiut (190S) dunnf thar fim tnab 
of woiyL It yra obwTTtd in certain cmo treated in 1920 by I* PiAici (1921) 
mth trrparaamide. rt m itudied by the Intematiofial Slecptflf Skbom 
Comtnmjon of the League of Nationa which reported naturally retittant atraiai 
in the valley of the Sembki (\tn Hoor 192S) and accoonted foe attesopta to 
inaeiae arti6ciiBy the re*i*taace fDco, 1936) 

The well*kDowo fact that cubcuratire doaea render a trypanoaome reaiatant 
againtt any given drug cauaed anxiety to the medical authontie* wbo had paid 
cartful attAtion to the derdopment of ihia charactcriatK;. Doubtleaa the 
frequency of redttant itnm* appeared greater becauao the attentioo of climaana 
had been called to it but m fact we had long been aware of the inoeaae In 
the mtmb^ of retittant etraio*. Thtt incretM waa reported by Smtoo (1933) 
Id tbe Miyuinbe, where u waa estimated b e t w ten two dehmte datta — 1929 
and 1933 by CHErmarvt (1933) Lo the region of SianlcynDe; and by ua 
(\A.y Hoor Itotuxo and PtEX., 1933) In the entire colony 

^S’bile tahisg into account tbe (Uatiocuon made by WAXicttmct 'Vots 
and MoTCATiorD (1935) regarding trypanoaomea appeansg la rdapaea among 
adranced ctiea, it appeara beyond all doubt that we were hndmg in ademk 
and cpideime fod a more or lea Important prqpor u oo of nrila* reuatant to 
ttoxyl and trypammide In tbe aecood place this percentage was obnoualy 
ereryvbere greater la the regions where Ae sleeping sichneas campgig rn bad 
been earned on IcngesC It was tbos quite natural to condode that the campaign 
Itself was responsible for the prodoctioo of arsenic retittant strains by the 
repeated adcumstraticm of subcurative dotca. So much the more to la that 
'^om and MuatUTnoTD (1935) had shown that it it extremely easy to Inmate 
in laboratory experiment the resittaoce of Tryfiamems /cwbrius^against any 
given anemcal There s, ho w ev er soother plausible eapfanatioo offered by 
Baxlovatx (1933) the arseoical trestment might hare acted sdoctlrcly oo the 
mass of strains drculaung id Adenuc areas and spaxtd the more resistsnt. As 
these are transmitted cyclically without modiBcation of their resistant character 
It i» obnoos that they would become predominanL One o other of these 
faypothese* must considerably inffoeoce tbe programme of tbe campaign but 
cannot be -accepted without confirmation of facta. 

Actually sceordinf to our re ee ot obsemuom we believe that It b the 
less resistant trypxnosomea whtcb are transtnitted beat by flostina. Tlus 
cxpUios the fumnl of a tmiQ proportran of these trypanosotae* in the oldest 
foa sod their predominance in nrw foa and in tpi de r ni cs. \\e shall return to 
that later 
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1 ORIGIN OF RESISTANT STRAINS 

The fact that resistant strains have been obsen^ed since the first tnals of 
atoxj'l and from the first expenments vath tryparsamide makes us believe that they 
have always existed m nature Actual proof of this is difficult to furnish in the 
Belgian Congo where pentavalent and tn valent arscnicals are employed in the 
treatment of so many .diseases Nevertheless, researches were made in many 
new infected areas, for instance in the region of Gemcna in 1934, where the 
influence of any previous arsenical therapy could be reckoned negligible In 
these areas a small number of resistant strains were isolated 


2 VARIATIONS IN RESISTANCE DURING ARSENICAL TREATMENT 

Although this question has long been studied by many authors, it appeared 
interesting to make some obseiA'ations indicating the very vanable behaviour 
of T gamhense towards an arsenical drug, as well as the influence of other 
factors (Tables 2, 3 and 4) 

In these three patients a suitable tryparsamide treatment (at least ten injec- 
tions of 2 to 3 grammes, r c , 4 to 7 eg per kg ) was followed by a relapse The 
trypanosomes of the relapse did not show that they had acquired any resistance 
However, the trypanosome of the Patient B, after cyclical transmission through 
a pig, showed itself to be easily susceptible to transformation into a resistant 
trypanosome 

There was one chronic patient whom we followed for 15 years After 
the fourth relapse in 1933 the trypanosome responded to 2 eg of tryparsamide 
per kg , although the patient had been treated for a long time by this drug — since 
the bcgnning of his infection, and as long as the cerebrospinal fluid had not 
returned to normal (Table 5) 

In 1937 he was agam infected It is difficult to say whether it was a relapse 
or reinfection Whichever might have been the case the trypanosomes were 
■with difficulty transmissible and showed no tryparsamide resistance 


Table 2 


Observation Maryal 
Mar^aJ. (the patient) meohanical 


10 


treated with 
injectiona 5 to 7 eg 
in 1933 


transmission • 

cyclical 

transmission 


per kg 


Relapse in I 955 
(after 1^ years) 


mechanioal v G 
transmission' 1 


G.p cured with 

5 eg per kg. 
Tryparsamide 

G p. 51 cured with 

2 eg per kg 
Tryparsamide 

p.I and G p II 
eg and 2 eg Tryparsamide 
long negative periods 
5 eg cures 




7a 
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Observation Onema 


Onema (the patient) 

i+th relapse after 
intensive treatment with 
Tryparaamide 


5 th relapse :: 
(or reinfection “?) 


_2 G p - - — 1 G.p 

IPiyparsamide fastness cannot be 
increased to more than 2 eg per 
kg (with h8 days negativity after 
2 eg ) 

^ Monkey 32 

^ I ^ 

Guinea pigs cured 
with 2 to 5 eg 
Tryparsamide per kg 



These observations show that the routine treatment by tryparsamide 
which we practise m the Congo does not necessanly increase the resistance of 
the parasites We have, moreover, quite frequently met the greatest difficulty 
in creating this resistance Here in Table 6 for instance, is an example — 


Table 6 


Epopo (the patient) 
mild recent case easily 
cured with Tryparsamide 


G p 76U 

cured ^/ith 2 eg 
per kg 


4 

G p 775 

2 mgr = 7 days 
negativity 
drug fastness 
cannot be increased 
above 0 005 gr 


G p 766 
^ cured with 
2 eg per kg 


G p 769 

Slow increase of 
fastness up to 10 eg per kg 
30 eg. = 91 to 119 days 
negativity 

G p 888 vi' 
infected ^en the strain 
resists to 5 eg per kg 
Tryparsamide fastnuss in- 
creased up to 10 eg 


G P 8^ 

G p 9^ 

The Tnpars'unide 
frstness cannot 
be merer sed above 
15 eg per kg 


G p 91)4 

infected when the 
strain resists to 
10 eg per kg 
Tryparsaraid- fast- 
ness increased up 
to 15 og 


3 G p and 1 antilope 
After cyclical transmission the 
iryparsamide fastness is below 
15 eg per 1 £ and cannot be 
incre-'sed 


Antilope'^ 
and monkey 


2 G p The 
Tryparsamide 
fastness 
cannot be 
increased 
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Thu# the tryp«j»*ome (ttraio ^xJpo) h»d been *abjected for more tlmi 
t dunnf freqaeat mechamcsl and cjtHca] tnumohsiaDs, to lubcuruire 
traUnent, Pauago had been made when the ftnJn appeared to hare acquired 
t fohd degree of rcautince uidepeadcat of the chroolc rtiture of the {nfecuoo. 
The change of host cSd not fa^tate the bcr eaa e of r q ut anee vfncfa m the 
teat rtscbed the figure of 15 eg per kg 

Frequently the creation of a rcalctant atrab appeared to be favoured by a 
given boat, or m other v r o rda, the trypaooaoino mrold eawTy lend jtaeJf to groi^ 
of reautnee m one guinapig wfaQc io another Infected at the aame time fadore 
pna complete. In one gubeaplg aubmitted donog 6 tnontha to aubcurative 
doaea the relapae would appear after a doae of at the mort, 10 eg. per kg. 
whereaa in another the tr y pana mide reastacce would be complete for 1 gramme 
per kg, after I mooth only of tubcuraute treatment. Thereafter when thtsa 
trypaooaomca are tDechan^ly tranamlded to dean plgi, they ahow thdr real 
degree of reaatince which would be for burtance, ropectively 5 ^ and 50 eg 

P«k* 

hrechamra] tnmmhalon coofen on a oew animal a trypanoaome whlcli 
•bowa ita real rctiatatice that U to aar that the rapid reappeaiince or the 
pcralatence of the trypanoaomca in the blood can only be doe to the new character 
of the part«tq and not to the chronic nature of the infecDon or to loealuatiooi 
of the flageHatea to the mtemal o r g an a. There are only very feeble nriatlooa 
to the degree of tUa resittance during eonaecuhve taechanieal tiannnmiena. 

CycUiai trtnaamxioti baa geDeraUy the tame effect, but thxi rale b not 
ahaohrte. Is thtt regard we feel we ou^t to mothfy oar eplmoo on the cydwal 
traaatruaaibifity of the acquired character of drag r oiata ncc, and adimt that it 
b not lovariahly tramming by gfocnoa to eJI the ammib which the Qy Infccta, 
Table 7 grrea an cumple 

fitanmg from Monkey 13 doriog cycSca] tranamiaaioo, the itram lo*t ha 
rcsittance greept la one guioetptg. The reatatance ia maintained oo the 
contrary in a pmlle] experiment ataroog with a guincaptg Mor e ov er In 
cycfica] tranamnsKiii ataiticg from Gulocaptg 429 mataoce dinuraahed to aath 
a degree that a gtnaeapig was cured by a dote of eg per kg Tbcte dungn 
(hd not a ppear to n^y the nfioeoce of any apeaal boat, monkey or pig, 
becauae tb^ could be pradoced without tbem. 

Tbeae renilca can be nterpreted in the following manner amoeg the 
rn*«» of trypanoaomea wtuch infect the animal, there u a proportion which have 
become rtatsum owing to aubcurative treatment and whi^ have onderjoce 
motaaon. Thu mutation creato a new charactenatie winch u only tnwmirted 
to a pTopoTtioa of Iti pr o ge n y in the coune of mnlUple divmona The reauh 
b th^ rahtant tr yp a noaoroea only repreaent a pr opot ti oo of paratlta and 
•otocticoea even a miQonty Mec^m^ tranatmtaion which n effected by 
meant of a great mnuber dL trypanatoaiea hat a greafer chance of intfoducinf 
both typea. Cyclical trananawou, on the other hand, irtvolvca a few try 
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Tmu fl. 




let 

Pig m 

The C p are cored nth at laaiat 2 or 7 og. par kg 



but ney reOapae after 10 eg Qia atraic Ij 

•aallgr Beds trypamalda faat. 

2nd 

IT 

The 0 p. are oared with 5 og. at 1 aat 

5rd 

T 

The raaiatance io about 10 og 

tth 

Can. 

C p cured elth 5 to 7 eg. 

5th 

6 

G p, 5 to 10 eg 

€th 

7 

Op. 5 to 7 og. 

7th 

a 

Op 5 eg. at Oaaat, 

Bth 

13 

Op 7 to 10 eg. 

9th 

19 

Op. 5 to 10 Of 

10 th 

26 

Op 5 eg- 

lath 

37 

Op 2 eg at laoot 

12 til 

38 

Op lo eg. 

Uth 

3^ 

0 p. 2 eg. to dajra nagatlTjty Cured with 5 og. 

li»tii 

U 

0 p. ourad vlth 10 og 

ISth 

<4 

Op. 5 to 7 eg 

Ifitfa 

19 

Op 7 to 10 og 

a7th 

56 

a.p. 

08 tb 

£0 


19 th 

62 

0 p. 

20 th 

6i. 

0 p cured sdth 5 to 7 og. 


b« pfcsmsrd thxt mth dcwo of 7 eg pa kg, os« on cure 6D per cent, of 0*0 
the other 40 per cent, rdjpeing •ooner or Liter Nermhdeo, the rtnun Jo 
qoetQOQ proenosd, »t the b^tunng of the experusent when it ws fim ixlated, 
TETjutg degree! of retut&Qce. Folkmtng numeroos cjchol trantmiMooi, thu 
(fa v er trt y gire piece to * uolfonmty bccaose, t* we think, it U the le*» rautant 
typea which arc beet trsniroitted. The reauit was the c*tjblishn>ent of a 
trypanotome with a le« degree of reatttanec. 

In the foUowuig obaemnem thi> uahihiatioci appeara after the fiixt 
cyclical pMttge (Table 9) 

The qutatKai may ^ aiked aa u> wbeiher the tiypacoacmiea in the deep 
organa pr e a e nt the »anK nactioa to araenicali ta tboae in the penphcral blood, 
lo tba r q p c ct we cocopared trypixMMomq m the cerehroaplnal 6uid with tbaae 
in the bJo^ of aereral adranced caaca. In genenl, tryparaamide reammee la 
comparable ni the two trypanoaomet. On the other hand trypanoaomq in 
the c cte h i o a pi ud fhdd are only occaatonafly tranamnatble by taeiae and cannot 
be grown w the media prepared by BttnriAiiT and Heoloid for blood culture, 
Out of fifteen atraiw examined for thia purpoac only one was trananscted by 
taetaca, none coold be cultured. 

Roctjne treatment by Iryparaaaudc compriaci genenHy ooe lojectwn a 
week of 3 to 7 eg. per kg. for at least 10 wteka. It waa imemtmc to check 






TiTTrAxesOMUin 

Tmx 10 


KoalJit* lUfut* (th* pktleot) 

RfcoDt m»e aand with 12 z 1,75 Tryp^racaliU | 

(* 5 c*. j«r ki ) 


kfi*r 3 scnttia 

k 

0 p,6j.2 ■■■''■ 


OTcUcml trmnBlwloo 


5 a*. 
50 cft. 
1 sr 


rewloz t 
k dzf* a«g*itlrlty 
6 d»7t 

10 og. 
9 X i. «*, 
75 eg. 


1 H 

C i..63i^ c p.65Vb ! 

rtaalnj 50 eg^ 11 dx^a | 
reaxlAs * ncfxtlrliy 


3 nwenewL ccroiociNCi* at tux camxajc:* aou:<tt 
RJEEPtNO ncg^nCB. 

The pre e g d m^ otMerrattoo* djlmimth tlie retpoeaibility of tb« mnlict} 
acmees hm for mxn 7 deode* uxed gmntcal cherooOKnpx in tbe figbt 
tfcut tfypt i KwQuutm, It (« {>robaUe that rmitxnt rcrieuea tlrajfy emted. 
UndouhtnDj we htre aated unkDowiaiJj tad omnT&a^lf umt $xmo* 
•peaficaUf rcMUnt to atoryl tod trypammide and locreaxed tbe reuatxflce of 
icrmk wWeh were •imdf refracioty to tbe tolented dowgc. But my prebaUy 
the metbodtcEl trextioent of tbe popolmtwo after cxrtfu] cermtx hxx broag ht about 
foine*rfcetkmwbfchhtstI]owedtbe*urnTaJofre*i#t*nt«tr»iD*. Howemilmxy 
be, the coe onuooo* fxet ptervisti that t* the cootuuroui mcrexie of the percent 
of reautaat atrxiot in tbe cudemk tiioe*. In that of L^opoldnile, which h 
Tory fxmflixi to ux, tha has teacbed in the count of tbeae later yein rather 
important figure*. Before 193S one reckoned on xboijt 7 per cent, of trypano- 
iome* being rtjixUiit unong recently Infected ea»a Darmg the mr thi» 
propoetKm icicbed xt least 50 per ctm. tod recently Nflle, Pm. has wntten 
to me from Lifopoldnlle that the greater number of new casca admitted to 
laapltal hirbocr perxsite* which are tryparaaimdc'resistxnt. Surular reports 
come from other centre*. For x long Ume the wtuaboo hx* been disturbing in 
the Mtyumbe It Is ilw thus In the kwxnjQ and Kxsai and aboce xU Ifl tbe- 
Mjunemx, where trypxno*oai« appear tpeoally refractory not only to 
tiypiraanude but tlso to antltnomxlx and to Bayer 205 I 

The fnttne of tlw campaign i^nst xleeping sickness by stefilmng tbe 
huinin reierrar of trypsooiocnea appears senously compromiaed. This *o 
rt seems to oa, justifies the deerston taken by tbe Directorate of Medical Serneex 
to extend a* far a* powWc generaj chemc^>rophyUals by prertnlirt injeeuoci- 
of Bayer 205, pentaandinc and propamidine. 
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Already, before the war, Bayer 205 had been cmplojcd as a prc%enti\c in 
certain limited areas, for instance, in the “ Channel,” where there arc about 
75 per cent resistant cases 

It IS unncccssar\ to describe this method, the \aluc of which has been 
well shown The dose of 0 025 gramme per kg seems the optimum dose 
and one dose protects for about 3 months We do not ignore the fact that in 
exceptional cases the duration of protection is shorter a minimum of 58 days 
in a 'cnes of expenments which we made at Lcopold\alIc But the practical 
rule of 3 months lias emerged from massixe expenments in areas hcasaly infected, 
on several thousands of people subsequent! j observed for some jears by the 
medical personnel in possession of a complete census of the population, which 
was examined by them at regular intervals* Nevertheless, “ Bajcn7ation ” of 
endemic foci is not an casv task It demands a census and complete examination 
of cverv indivadual, as well as treatment of all the cases, and finallj preventive 
injections must be repeated cverv 3 months From this point of vacw the 
protection of a population by pentamidine or propamidine presents the great 
practical advaintage of only needing two visits a vear 

The first results obtained by protective injections of pentamidine were 
published in 1944 and 1946 in these Transactions (V/VN Hoof, IIenrard 
and PEtL, 1944 , and Van Hoof, Lewilion, HrNiiARD and PrcL, 1946) Our 
laboratorv trials were cnticizcd by Fulton (1944), who remarked that the long 
duration of protection which we had obtained wa^ in great part caused by 
a certain degree of immunity conferred on our animals and on v'oluntccrs bv 
trypano'omcs which were inoculated into them only a little while after 
administration of pentamidine This objection obliged us to recommence our 
expenments in order to avoid any possibility of creating an immunity to try- 
panosomes The results obtained on volunteers were satisfactory and we 
believe that we can maintain the thesis that one dose of pentamidine can protect 
a man for 6 months (Van Hoof, Henrard and Pfel, 1946) We have learned 
subsequently that the prev'cntive action of diamidino-stilbcnc, diphcnoxy'propanc 
and diphenoxypcntane had already been shown by Launoy and Lagodsky 
in 1940 

Concerning propamidine, therapeutic trials from the curative as well as 
from the preventive point of view in trypanosomiasis have proved to us that 
this product possesses exactly the same action as pentamidine Our results 
with propamidine will be published later on They' will make mention of 
certain toxic reactions caused by this drug This toxicity was unknown to us 
vv en, convinced of the preventive value of propamidine against trypanosomiasis, 
t e Directorate of Medical Services purchased a quantity sufficient to make 

^penments on a large scale in scv'eral sleeping sickness areas in the Belgian 
Congo 

A trial limited to pentamidine, started in 1942, has protected 721 natives 
in a focus where prevaous examination had revealed about 9 per cent of 
new cases 
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Sinco then pentumdme and propamiduie nrc dutributed to doctort m 
charge of the topemawo of important area*, in propomon to the avuTable 
atoch and perwmneL Tbe»e doctoia were directed to dnw op a report on tb^ 
resnlt* and pubhah it. Oar atocka of pentamidgte and propamidine were 
enough to protect about 30 000 people for 1 year on the a uppemU on that the 
iverege weight wta about 40 kg and taitmg to S mg per kg the protecnTc 
injection ow ing to tbe fact that wc were oaipg tbe iaethk>njte iait^ of the 
hj-drochjonde. 

Among the reaulta rccared, we quote the foUowtnf — 

H. Cumna (1M6). \S9 oathaa protected witli pcopamlxliaa m rwy Ufhlr 
infectad area. Ona am poahira 6 tnoote aftar iIm proemiTa bdcedcai ptanJcmiX 
IL Cunaco. oatTrea a tbe btafijcnw witb jmpwnktina. 

Exact raatdtx oM fct to baotl but fcnaraOr good. 

tv EnAOrra (IM7). Uwn^ pf o n a owri i rw a the Rtmeago area wWb oeir bifectkai 
rata of . par cent, md ia tba ^tweb>ZembwB area with as {fifectiQa fata d 3-63 and 5*07 
per cant anth certain polota rmMng Cmo 3S to 49 par caci. with framient trTpamndcIc 
raotaai ca*e* eoioantktf to aa lowtr M lOO per cait. is cettaia rtQafaa. Tba audwe 
(are taro ta ^e ojo rn ct d-mcaubtr fetcafrala to tsul ot 8JM0 pmpla ewd arat^ed than 
durov 18 tsoedw arkbout finchaf afngte new caaa. Tbit irport baa not 7 «t been 
prfainhad. 

la KoeiAici, 8,000 pe^ike fa*d bcoo preteoed vhb pewtanadlna iMduoeiata aloee 
Soreenbar 1945. Not «n«la caM ara* dcMad aftA 1 jw cdBaarraJicci. ahtnifh OMor 
odJifi w J wi»wj c«t iba eoetrota. 

In rum foci of dw EaQctortal PrwhMa (CeqaaQurnlk) 6 000 j aa d rw fot pranath* 
hjj e ctiBM i of pwrfMi i deai Otfaar octfraa ware prnteeted wita ao tJ T ixJ mi cfairdtreaip 
waa kept m coutiul. Aoiaor>t d*a people hucctad with pcataeoAiSae, tw» aaw caaea 
o ccur ra d befort tba oxl of (ha fiixt pari^ la tbe vrodp d cactreb, tha cata ef aaw 
lofeetkoa temaload bafare aa I 3 and 3 3 M cent. 

Thanara atpreocatMOOOBKUTaaaaaerofaaeTTatjaiafteTpcottctlaawTdipenmtiiUDo 
and nro p amldfaia, tod (tw Medkal Senioa Im bouebt nrir t up pty of partUmkliiM 
arbkh ai^ allow b* to exteod the axpesbnant to 179 000 xnoe* nadrea is 1CM7 

It lua been recommended that propuoJctine and pentamidme i*etb~ 
ionate ahould be giTOi lo I 25 aolados by mtnmqtcikr injection. 
Toxic ractiooa practicillj oerer occ u r anlb penUnndine on the contrary 
it aeema dut tbe eeme doee of propamidine toroetliDea cauaes tbcttioti in 
pregnant aromen. For thia reawn are prefer in tbe future to uae pentamicline 
One mott oot, boarerer be tmder any tUoaion or at tri b u le to the diatiudme* 
an abaolutfi p rer entire ralue. In the Srat place, a few people on cacape the 
attentioa of the exammeia befen tbe firat prerentire injection is giren. A do>e 
of 5 mg per kg. U not alanya curtUre even in the earhest stage and tboae 
cases (^gnoaed 6 months huer may throw discredit on the efficacy of the 
dUnudinea. On tbe other hand, it ts poaaible that with tome people more 
rapid eliminaoon or tranaformaticHi of the drag ihottera tbe doratiOQ ^ protec 
tion. We bare obaenred such todlndual ranatioos anth Bayo 205 

Howerer thi* may be:, are believe that the general t»e of pTereniire drop 
Bayer 205 and more capectaBy the dUmidinea, a the most eiTcctire method we 

9k»ce w iltei f I bars f w ia d oewa £msi L^opotdriOa on tba roaoNs ebaikiod 
In other tiaM. 
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bat rather cEffioUt to render tiypaDoeomei retutant to ihu prodacC The 
p-mraenoao-phenjIbalTTic add b quite DoiHtoxic in ordiiarj’ ther ap e u tic dMca 
of about 0*0004 gramme pa kg imd ercn 0<X)1 gramme pa kg. DaHj- in;oc 
tiona are bomc and one obuina apparent cure in the majority of earl^ r«*^t 
by fourteen or fifteen Injectwai, that la to tiy m 2 weeka, i^ch » a twj real 
practiCBl adranUge in any trypanoaonuaaia cunpaapi. Unfoctuoately tbb 
p-araeocBO'pheoylbutync ia meffeedre in adranced caaea tnth dtaed 
catbroapanal fiud. 

Meiaraai of FEnsHmt u a prodnet too toxK for rmn, ukI it thonid be 
definitely ahan dotted. On the otha hand, aidanea oxide la bctt« tolerated. 
It a gireo eitha by mouth In doaea of 150 mg daily for an adult, or by tnira- 
Tencfia injeetron of 25 mg a day or cm ahcTDatc (faya. Generally a aeiiea of 
fifteen injcctiona can be jlvoj enthoot acnoua toxic effect, Trypancaotnea 
reamant to trypamnude reapond to tnetaraeo tmde. Moreorcr changta in tie 
certbroipinal fiedd are famicrahly lofiuenced although the Impror em eot may 
not be aa complete aa that wfait^ la obtained by tr y p araamlt^ It ri» . n tt l rta , 
nererthdcaa, true that mebiraen erdde b one of the rare products winch b 
cffectiTe In adranced caaca of sleeping akkneaa with trypanoaocQCi reauant to 
tryparaamide. We need only tDCQQoo in comparboa ce r tain antimooiab for 
cample, tnttibine tad the diatoidtoea, in which the action b oncertaia and 
raruhle. 

It b>a been considered cirfier In thia papo that trypaMaotess rtabtaat 
to tneojc probably esoted m cutore well b^ort tubcunttin tm taeat cenld 
hare produced this nuitailoa m the paraana M e beliert the tame u the cate 
with ttrams remtant to tartar etoetk and m othera reaifUnt to Bayer 2D5 Theu 
drug reautincca are much rarer bowem though they ormtheiaa rren 
In areai where trypirtatmde reatataoce la rarely observed, T^tey arc, h o wever 
more commoo In regions where many arsenic-reaLnant cases exut and this 
coofirms die c o o clusi ans <rf FotraN Waaarmmrt >010 (IWl) 00 the 
n ec mi ty of preparing tartar ctneac remuni atraina starting from thoM which 
are already atoxyl-rcabtant. With regard to thu. CLaxxx&o (obserratlona not 
yet pubfiahed) reports from the hlanicma early and advaaced cases In wfaidt 
trypsjMsomea do not disappear after one or more bjectiont of 10 eg of tartar 
emetic In many areas in the Congo we bsTe collected atraina which resist 
4 eg, of Bayer per kg Moreover amoog the fim diigcaj tnab of Bayer 2D5 in 
J922 23 by Vax Dev ClLcrDd and \4» Hooe (1924), early rebpaea were 
obeerred after a total of 3 5 grammes m adolta. 

We l»ve not yet been able to venfy that the character of natonl reabtance 
to tartar emetic b maintained Ihrcugb cyehcal tranatmarioo by t^etsca. Coo 
cenung resistance to Bayer 205 we have aoted the progressive attcauatioa of 
th,i character during cyclical transmis sioo of s strain rendered restftant in the 
Uhoratory (^AX Hoor HEOtAao and PzH,, 1933) Actually h o w ever wt are 
m posseasiw of a strain naturaQy rewatant to 4 q( per kg. whkh renmiu 
invariable after months of passage ihnragb taeiaea. 
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7*he cyclical tncnsmltaibnity remalaed high, ngbl op to the lact bot'oru 
pamgt, bfut dimnutbed progrmiTClj Ttith the Uter pigt ld the tmc*. In other 
vortU the pig tM only « •oorce oi Infccdon dunog t tbortcr and thorter trmg 
u the qperi m eot proceeda tnd at laat the tranaimMibUity cCuppean toddenly 
at the Ian panage, despite the pcfaittence of trypanoiomet io the blood. 

T can maintain hadf for many year* in ptgt It caoaea an 

unrecofmxed condition and there u a atriking contrast bet wee n the nnty 
of the flageHitea oicnlatinf in ita Uood and the high dej^ree of the tr fnrmml oa 
index daring the first ptasaget It is not if onTthihg that ratural lofecttoa 
of the pig by T /ashma haa not yet been demoostrited conudenng the 
difficulty of dlagnoau which we hare often only been able to establish by blood 
culture or xenodugnema We hare abo obaerrtd that the reinfection ^ a pig 
vhteb has become naturally cured (a obtained mth difficulty and eren in 
aucctaaful cases ta of xery abort dunnon. The result U that in Dstare one 
would hsTc to look for a natural infection in endemic areas, preferahly io ymrng 
am mala. 

(^) RaU ef gomu 

A BoUkaoda atram sris transmitted by taetae from the patient to a goat 
and aucceatirdy to a aena of goats Here b the aommary of the experiment 
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la the Ttrious tt>ge> of thu ch*io of pimfci rix gumeipi^ were infected 
tod the trxnnntfnon index raned ftom 04 to 4*48, which correeponds to the 
tTcrtge figarc* of T gtattiuKSt, After » whole ye»r of pamce throogh put* 
the trjpanoaotDfs ukfected loectniTclj two do^ then a pig aiol fitaSy a 
^-dtmteer that ia a total of 18 moatha and ten qrcltcal paaugea between the 
tnntference from the original esae to the Tcluntcer It retamed coiEipletc}]r ita 
mfectmtp rti trmatmaaibihty and ita realatanco to tr^paraaoude. 

(d) RoUtf Mtefepn. 

It haa been ctmdtitireif abown by many othen^ notably by Duzz and 
Cenos that antdopea exo harbour human tiypanoaomea and rnaintala that 
pathogoocity and powtri of cycfacal trantmlaaloo. Tbu latter ia aometkoea 
incrcaaed. 

Concerning T g^mhttnn lo the Congo tiua fact haa been TOiSed for 
tntdopea of the genot CepAofepJbv lo one of theae aMmili, the tranamiadoa 
index waa maed to 7 InfcctioQ abom iu> tytoptoma and H of long dottnon. 
The laat blood culture made after 2 yean waa poware. 

(2) VAtJATicro w vawjaece awo FaTMootmciTT m u«c 

We publiihed in 1933 (\a.h Hoot Hdciaxo and Pccu) the fact of extreme 
Tanahooa m the pathogemdty of T famhuau lo the Congo. After Lsra 
(1933) wtrrfcing on T gtmhuKa to Nigem, we propoae to daaaify the etnied 
la tbm catefonea — 

(■) Tryptnoaotoea of low riratcoce which ate found to be lo the toa^onty 
m new fod or to epldeouc extenaione from old areaa. They ire generally eadly 
tranmutted by taetaea. In mao they prodoce to affcctioa of alow dovdopment 
and trypanoaomea are not numeroui to the blood. Enl ar gement of the 
lymphatic gUnda ia prodneed Ute. «a arc alao ahenttona in the ccrebroapuul 
Trypammide rctiauare la care. Wc hare recently come acrou tlua type 
of trypanewome m an epidemie lo the Kwango (Mazengde and Kidima) and 
we under obaerr ao on without any treatment a dozen paoenta wbo during 
€ CDOotba ihowed no clinical dgnt of progreaa of the diaetae. In tbeae patlenu 
ttypanoaomca were ooly dtacormbie to the blood about ooce in the w^ with 
negatiTe periods for as loi^ as 3 weeks. Nrrcithdexa tsetses were able to 
become infected from tboo as eatily as from a pig during its symptomkis 
infection. Inificet op to 5*l8j bat rery variable, were recorded In negitfre 
pertoda. There was oo chnica! symptom, no ferw no gUnd enl ar gement and 
Do slteration of ceicbrosptnal fimd. Ouncapags infected from these strains cf 
low nrolence ibowed a scanty blood tofection with long ueg idi e periods and 
survired for at least 1 year These trypinoaotnes seem sdapted to ripid sod 
widespread estensioo amoeg the native populaaon even if ihji is scstteiod. It 
would not be a u rpnstng if some of these t^eettoos ended to tpomaneous cura. 
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(6) Strain-; of medium virulence which killed a * month-; 

hv hcava, blood infection dunnp the latter wcclr '1 he curative dosc of tr)- 
parvamidc la often the ordinarv thcnpcutic do<i In man all ilcprcc-; of 
trv p 3 r<;.amidc-rcsi';tancc arc found although the majontv respond to tolerated 
do'aqc The clinical coiir'C of thi>; .affection, thmiph not mahpnant, r charnc- 
ttiaacd b\ frequent Tclapvcs and bv the appearance of altered cerebrospinal 
fluid, 6 month-; or a v ear after the infcctiv e bite \\ c con idcrcd that methodical 
ar-cnical treatment in such an infected area favours a selection of resistant 
strains which persist and Iccp up an index of hclwcen 1 and a per cent new 
eases 

(r) Verv virulent trvpanosomt^ arc met with sporadicallv m all endemic 
areas 'Hicjc arc those which recall in man am! the pinneapiq, the evolution 
of T Thodfstrrsc, bj the bcava blood infection, and the rapid clinic i! prnpre s 
of the diseTse 'Hie pumeapiq is heavalv infected from the start and dies at the 
end of a month In man nervous clnnqcs arc evident often after 2 or T months 
In cases which we have observed the trvpinosotne n verv re istant to trvpars- 
amide even up to 1 prarnme per Ip ant! i’ tmlv fechlv or not at nil capable of 
flv transmission, cspcciallv in the ca c of rclap t after treatment It seems to 
us thit these tvo factorf. — liipli dnip resistance and patliopcnieitv on the one 
hand and arsenical treatment on the other— comhinc to modifv the jiowcr of 
cvchcal transmission m the tsetse 

(3) T hnictt AND ITS Al)\t*TAniI ITV TO MAN 
riic preal variations in the virulence of 7 ^awlunisr have supptsted exam- 
inations of strains of T bruen collected in areas w litre slccjunp siclncss vvas 
active Three strains from natural infections, \ dog, i pip and a goat rtspec- 
tivclv, served for the different axpenments surninan/cd liclow 

(a) Strain from a Dog {Thynillc) — A nalnral infection of a dop which 
died 4 davs after its arrival m the laboralorj suffering from char ictensuc 
keratitis 

(b) Strain from a Pig {Kingandu) — Natural infection of a domestic pig, 
complicated In T congolcnsc An exceptional ease of iiatunl infection of the 
pig by T brticci, which is wortliv of note 

(c) Strain from a Goat (/ okamhc) — Natural mixed infection, T congolcnsc 
and T bruca 

T he T bmcci were transmitted by tsetse to a senes of pig", goats, monkejs, 
guincapigs and dog-i We also tried to infect human volunteers 

In pigs T hmcei produces a quite benign infection with little or 
no sjmptoms Trypanosomes do not multiply actively as in the gtiincapig 
and infection remains quiescent for 4 to 5 months Followang this, it becomes 
almost unnoticcablc The blood is only positive at rare intervals and blood 
culture of xcnodiagnosis is necessary to control spontaneous cure, which happens 
between 1 year and 15 months later Once cured, the pig becomes refractory 
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to mfcctkiQ with T gambwm but the pig cared after an infectioo mth T fn 
hiemu can be faifected with T hnun. The tranamiaaibdity mdex of T hrmai 
can retch the figure of 12 but geneiallj horen about 5 After aQ, Infecljon 
by T hntca does not drfi’er from that by T ga w i bmu except that it la a htile 
more aente and flourufaiog. 

In the goat T hnea produces a aenoua affectKm, fatal m 3 to 5 inoathi, 
bringing about brim leaiom and altendona in the ccrcbnnplnal fluid, keranda 
and imatcady gait Trypanoaomea arc constantly present in the bkiod and 
the trantminion index areraging d to 8 rite aa high ai 29 

The dog ondergoei the dattical acute infection to well known. The 
timnamiuioQ index it from 4 to 6 

Marry monkeys were shown to be refractory both to mechanical Infection 
and to the bite of taetaea. 'Hte monkey Crr a t t ims agSt if infected 

with di fficu lty Bat as in the case of T~ gmhumst it exemaea an influence on 
the power of trypanofome traumiaaion the index of which was rataed up to 
46-57 by the Thyarille atram. TryparTOiiidc-rtstatance in these typea of 
T bnKtt it about 30 eg per kg Between 2 and ID C.C. of normal human aenim 
are ne cc a aa ry to cause a fleeting (fiaappearance of flagtUatea from the penphenJ 
bkiod, which can, hawerer be rendered acrum-rcaiauot. 

Seres roluntecrs aubmined thauelrea to the Utea of taetaea infected with 
T knten none contracted uypanoaomiaaia eres with the trypinoaoree which 
had become aemg^ r e aiatan t, but are noted a amoo* fact with one of them 
who had been binoi, probably on 4th October 1938, by a arogle mfectire 
taetae, and was found poenre on 2otb October but amee that tune negatire. 
He bad not, moreorer ahown any dimcal sign of infecoon. 

On the whole the T kntert in our endemic lietpuig sickneaa areas did not 
seem to hare any paruailar charactenauc Thesr rarity teems to correapoad 
with the r ar eaeaa of game (be pig is capable of playing the role of a healthy 
earner It was not poaafble to ahow that it could become pathogenic to iru" 


•* (4) 7” f€miunn ca nmn. 

It remamed alto to examine the behanour of T gmmbifiur collected from 
•wild mfected tsetse. 

On the whole tUs T /osAuwia did not diflcr from those we coQected 
from pttjcnti. They arc more or leaa tranatresaible and tome are tryparaamide- 
reaistant We ought, bowerer to roentjoo one tram which bchared n a very 
pccnlUr manner the strain Zalc 22. It was obtained by feeding on gumeapig 
wDd flies captured at a site near Leopoldville, close to a naiire rilljge, and 
crossed by weB-frequented paths. 

The scheme given in Table 14 aummanaa the different patsagea made 
with this strain — 
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Table 14 


Flies 

% 

G p Zale 22 

II 


Monkey 17 

(C galentus agilis ) + 

Jl 


Monkey 16 
remains negative 


G p 812 + G p 811 




F T 

G.p.832 + single 


83^1 


G.p."^ 


II tl 

single fly single fly 

6 G p. G.p 837 + 

all + 4J, 

Volunteer Mosengo 
remains negative 

4; 

G p 826 
827 


negative 



J;' ■■ ; 

Volunteer Motule Sing. 

8 positive flies 

li'* 







remains negative 
mechanical transmission 


Volunteer Songo + 


~r 






G p 859/1 + 


|G p 2 + Volunte^ Motuli Vojfcnteer Motuli 2 g'p B76 2 G p 859/2/5 
+ remains negative + + 

(Noveroher 1943 ) (September 1943) 






This strain, Zale 22, transmissible to the monkey C galentus agilts and to 
the gmneapig by infected tsetses, could not be established in three volunteers 
The infection of a volunteer succeeded only after mechamcal transmission 
and the massive inoculation of infected gumeapig blood into him, and from 
then onwards this stram could be transmitted cyclically to a second volunteer 
The introduction of a dog into the chain of mechamcal transrmssions did not 
produce this effect , it was necessary first to succeed in mechamcal transrmssion 
to man in order to render the trypanosome cychcally transmissible to man 
However this strain, Zale 22, is only moderately resistant to tryparsamide 
(about 20 eg per kg ) Its feeble pathogemcity for the dog and its appearance 
when in the sahvary glands rules out the hypothesis that it may be T brticei 
We believe we have seen m this experiment proof that the infectivity of 
T gambtense, transrmtted by tsetses for any given host, can be lost in the course 
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of hi tdipCioQ to one or many difftfcnt boita. We hare already noted ooe 
amJogoui fact the »tmn vhleit for a long dme had been mafotaiacd In rmp 
tod mcwikey became tmadap^ble to the gtdnapig (Strain Oncma, Vam Hooi 
H musD and Pm, l&40t) With regard to trypanoaome Zale 22, It leeini to 
tu poasible that it undenrent modfficatkm duHng ha pa«age throogfa domestic 
or trild atnmata, althoo^ our espcrimcnta cm p^gs, gotta and dogt, probably 
too bmhed, did not aecm to confirm thU bypothena. Bat in crur uimatcwoc 
•enea throatgb domeabc ardmali each paaaagt vra* effected toon after the infection 
m each animaj It vrould be after long trainientnce, perhapa la a tingle boat, 
that tbe trypanoaome would become adapted to this boa^ and mneh lest adapted 
to toother 


(5) OBil3rTATTO*« ON WJJtWlTT 

Our tfiali on the pm entire acUoa of Bayer 205 (Vah Hoot HutlAin 
and Pm, I&40a) left us with the Impretnon that trypanoaome antigen i£d 
not prodocc any immunity ta£dent to prolong the protective period which 
followed the inycction. It vria for that Tcaaon wt Oiratted thu factor daring 
our eapmtneots with penurnidme. FoDowing tbe enoestm of FctTCN, we 
recommeoced otzr expenmenci and were f o r u^ to re co gn l ae that a certain 
Immuraty la peo dit ce d by Uber ao oa of aotigeas from trypanoaomes io^eeied 
and deatroyed during tbe penod wbeo the drug tt exotaing its u y paa oddal 
activity Tha iffimtuuty It bowcTrr of abort durattoo. In man and in anlffitia 
cured by tberi p e au c ageno which do not pemst in the body rdn/ecdon 
tucceedt almost izamehately lj\ the motiixy C /almta a/ibi wo obterved, 
fSAN Hoor Hcrt.ua> and Pm, I607) a aobd but rather Locooitant type of 
Immunity On the contrary in the pig, even after rpootmeoaa cure, remfection 
tt postible although of abort durattoo. by another ttrun or by that used for tbe 
first infectiotL 

Tbeae facta are confirmed by oepenmentt (not yet publubcd) made on 
our atrains of T fgttiinoe by BiaTtAOrr and Heeuxo on the culture of 
trypacosouxa. The blood of an untreated cate uted m the culture medium 
prcTcntJ the malupCcanon of tiypaootomta which have already been cuItnreiL 
This inhibitijig action dtaappeaia aa toon at the patient tt cored or tpparendy 
cured. In the moc way trypxDoaoow cultare doca not succeed in a medrom 
when blood from the patieot hunscif it employed in ita preparation. It i» note- 
worthy that in blood culture the blood of an animal earner of T rhoJattmM 
or r bn e a prcroita the growth of T /caaimtr and Inrerady althooch 
T coKfolaat grow* in the blood of tbcae animal* and of man. 

The degree of iryparaanade-retistance hak provided a nvetbod of identl- 
ficatioa of T immhaot atiama and suggcaled a almple experiment. Gomeapif* 
are infected by a ooiv-retisttnt atraln. ^Vhen tbe mfectioo h weD c*taili*hed 
and fanmtimty hai had time to derdap from aevenJ cn t e i of trypanofyai* toch 
n alwap tahe place at tbe ontel of the diaeatc, they are then Infected tgtia 



751 


lUiuT-y ^ 

^rce the action of tryp 

,XI VABXATIONS researches on thrs q 

There IS httlevje^acWto^^^^^^ sibihty mdex 

parti marly ^''ershovm that a grven r^- of the 

It has mrea^^;^^ent of diagno^ 

r, the patients at the height ot pati ^ j^n 

intnep.^ nvaxitnum to nil ’■’''tei igritiis , 

It reaches g^es snhseqnen J ^ m C g ^vith ^ 

flisease and di certain anitnai , .,ons seems to j considerably 

Hood .. - -,trrdo-: 

»' «^W»oS il ^ono Sam »d any^,?"^';: ,e,y ^ 

has only a mdon of by o»'“”; t^smitted 

alloiv one to ^°’^"""®\goosis cannot be niade l\u^ve clinical 

, p,g even vmen m gn ected vnth a str^ smge ''^^^.osomes m 

ml 'trga^^^P'ftvTe disease develops into ^^^,^tted t^yp 

The more trypanosomes transmitted the course of 

symptoms, *0 “ only 'o„g nme m *0 P>5 “ persists for a 

'Son So *0 *r”"4rs-oVoo-““ : 

frequent eye''“|^'”p^e and can “!^?'”’oSed m man “'er ttansimt. 

abottet and sb ,s ptobW^^^d^e tsetse “ „*e«sc collected 

trS recS. oaae^„TSre™ent Iba. nn^tetlnnteeJ by cydtcal trans- 
ir to been sboto m an^ _^^et,ng ttoe 

v.md tsetses did n ^^^^g the ac 

^^trtoSt—bdHetent mammals 



TVTTummuin 


7U 

occur We do not know if drag raictisce eppean in thete cotidjtiom with 
ctTttin tTTpuKwoDK*, but tome obtemtioa brre euggoted h. Jn otbm 
WT hire uen that the trypaawo m a iftcr one ejchcal paxoge In act cimnl, 
become MnntiTC to ■ube m w u rp doaea cod easOj aeqtdrc higfa ratfttnee. On 
the other bud, C 7 cl>cal paanget arc more ea^Ijr effected with oce-renftznt 
ttniox and bnog about t klod of adection in the ndmire of more or leaa resixtant 
partirtea earned by the Tcrlebnrte boat. 

Flnaliy tbe atraim and the fltea at our ditpoaal hare allowed m to extunate 
tbe impor tu ce of the abort forma m cyclical traiumlaaioa of trypanoaomex 
aceordmg to the bypothetix of M RoBoracM (1912, 1913). Our experfmenta 
were made oo man, galnetpigB and tbe monkey C gelmtui egiku TIux 
monkey wax wcO adapted to the experiment on a ccqim t of the high 
proportion of tallrxry gland infection in flica fed on it, A box of new 
flies which had never fed before was placed daily on each t^an or animal 
m which the percentage of abort and long forms in the blood wax 
estnnated daQy The expenrnent in man lasted 24 days ud ncceantatcd the 
ttae of 1 048 taetset that on tbe goiDeapig 23 weeks using 6,818 taetaes, and 
on the zDQnkey26 days aaiQg991 taetaea. Correa abowmg the rarCitian between 
kng, medium and abort foroM comp a red mtb tbe trxrtCT baron index did cot 
abow in uy case uy loBoefice of tbe morphology of the irypanoaoiDe on Ita 
iptnen to deretop in tbe tsetse. Oo tbe other hanxi, they abowtd dearly that 
for euh man orgiren amma] the mdet u higher when tbe flageflatea are abundant 
111 the blood, w hich eorrespooda to the period of mammum muitiplwadoa 
preceding tbe ttypacolyue ertsta 

Id Cmscriau it la In reality the numher of trypianorsomea m the peripbera] 
blood winch determoea tbe wtadont in the emre of the transmlaaioo index. 
Howercr trypanoeomes nercr ewxrm In the blood of Ctreoethmt as they do in 
that of the guineapig. It ta daring tbe tranamiaaiom from tbe monkey that the 
gr eater frequency of saGrary gland infection m malea thu m female* Ix most 
marked — 32*4 per cent, male aguoxt 21*4 per cent, fcnalea. 

We hare abown elsewhere that tictsea hare become infected m greater 
numbers when the infecting feed hat not been preceded by any other feed. 
We cu add that tbe Infecboo of flica does ru>t ondergo any seasonal change in 
tbe dmtste of the Congo. 

SmaiAKT 

Tlie reaixtance of T gernttnu to pcntaralent arserualx eapecuUy to 
tryp ar samide, is not due only to the action of eubc ur i ti Te dotes it can cost 
as a natural characteriatK of certaio atiama. Thia rcstxtuce ta often difBcoh 
to create in tbe laboratory and the rontme treatment gtren to patients does not 
faentahly increase it m the case of a rdapae. 

If itt frequency increases in an eode^C area it la rilber because tbe trot 
merit has rees o ved a Urge number of non resstant straina from tbe icock of 
orcoUting trypanosomea 
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poauble wc may be aije to reduce the pcrccctage dymg from ntalaru by dnt{a 
like fcdodnce. We aban toon aee popohuon prwaure in Afnc* aa It U derdopiny 
bi IocEjl It means that vrfaiie ve are dotn^ a job Lke this there moat be an 
all round amelioration of the lot of the people trith aoctil and economic derdop* 
ment keeping pact wilb hygiene In the Belgian Congo there a k planned 
ecaaomy AHboogb the natives are gircfi a great deal of freedom their hm 
are directed into what aeean to be usd’ol efaanneh and occupalloai and one 
hopes to see developed a people with a balanced economy aapeiintended by a 
benerolcnt goremment. It is men Uke Dr Vair Hoor wbo hare inspired a 
great deal of thii progr m in tbe Congo and wo arc honoured indeed to hare 
him here tonight. 

Dr D G D4T«y I ahauld be grateful If Prof Vam Hoar would dear 
up ocw point for me I beCerc it is uttia] lo cases of trypanosomiiaa even 
in the very early onea to grro courses of drug dtending orer a fortnigbt or 
longer I presume auch an extended tratment is considered necessary to 
achieve as many cures ss possible. In prophytaxn, on the other hand, it appieaii 
that only one injection of drug ta given, and this a amaHer quantity for 
curative trtstsvent, and It ts hoped that protectioo agtum mftcuoo with try 
panosomet sriQ then Itxt for 6 montha. If indeed, tha bappess it Is quite t^ 
reverse of wfast happens la Isboratory Infections. Id them, to achieve a propby 
betic effect lasting for only a few weeks it is orennry to give a dose of dr^ 
utnalJy sereril times bigger than that necessary to cure an estabbihed infection. 
Consetpiently 1 cannot hdp wondering f propbyltxu of hunan trypanoaondasb 
IS really complete. Is it not possible that ta^e doacs of drug, apued it tccK 
wide intemb may serve only to mask carTy mfectioos rather than eradleatc 
them, and may these infcctiocis not become mamfrst later as cases in wbich the 
nervoos system it involved ? 

Dr C. A. Hoars I have latened wiib gnat interest to Prof \Alt 
Hoot's accoont of the valuable work earned out by him arid his collsbofitors 
m the Belgian Congo These mvesttgatiom have thrown new Hght on a number 
of qaestions concerning the host parante rrlauotiahlps and epidemMogy of 
sleeping sickness which hare interested me for some tunc. 

Om of these ts the questioa of reservoir bosu of the gadurm cCseise. 
'There has been s gr o wing teodecty to denv the existence of arumal reservtsrs 
of TryptJtonmM gwmUtiot and to regard man as the only source of Infectk® 
in spite of the kijown fact of the sumva! of this trypanwomc for long penod* 
of tune in antelopes. Prof Vait Hoor has now produced experimental and 
epidemiological cadence that certam domestic animals espectalJy pig*, 
and dogs, bring In dose aSMciation with man in endemic areas, might serr* 
as rescTTtV'hoats of hu man infection. 

Another pouit of great mlereat brought out m tins weak coocerta tbe 
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relationship between trypanosomes of the bruca group The inhibiting effect 
of the blood of the host when infected with any one of the three species upon 
the growth in culture of all these species would seem to indicate that T gant- 
btetise, T rJtodestense and T bnicet have common antigens which give nse in 
the host to similar trypanocidal antibodies 

These observations lend further support to the close aflinity between these 
trypanosomes, already established on morphological grounds 

There is one point in Prof ^an Hoof’s commumcation which is not quite 
clear The variations in the course of the disease observed m the Congo are 
attributed to the existence of strains of T gambiense differing in virulence 
While the role of such strains cannot be demed, it would seem that the degree 
of immumty acquired by the human host in certain locahties might affect his 
susceptibility to infection and exert some influence on the course of the disease 
Thus, one would expect mild or symptomless infections to occur in old endemic 
foci, but according to Prof Van Hoof such cases are characteristic of new foci 

Dr E M Loune Prof Van Hoof has given us a considerable number 
of very interesting, very important and very provocative facts and opimons, 
and I would like first of all to endorse Dr Chesterman’s complimentary remarks 
about the data presented 

Prof Van Hoof has naturally devoted a great deal of attention to the 
very stnkmg increase in arsemc-resistance now occumng in the Belgian Congo 
We are told (page 738) that the incidence of resistant cases has risen, during the 
past 10 years or so, from about 7 per cent to the remarkable figure of 50 or 
even 75 per cent in some districts This can only be described as a very 
senous development, because in those areas it practically rules out the best 
arsenical drugs, such as tryparsanude, as major weapons in a campaign of 
mass-treatment for sleeping sickness The situation seems entirely comparable 
with what has happened since the introduction of sulphonamide treatment for 
gonorrhoea At first this was hailed as practically the end of that disease, but 
now we are told on all sides that gonorrhoea fails to respond adequately to 
sulphonamides Here also the same question is being asked as in the case 
of sleeping sickness — ^have the strains become resistant as a result of contact 
^^^th the drug in the course of years, or has the drug merely resulted in sup- 
pressmg or eliminating the sensitive strains whilst allowing the naturally 
resistant ones to flourish ? Prof Van Hoof feels assured that the latter is the 
answer, m the case of the increasing incidence of arsenic-resistance m sleeping 
sickness of the Belgian Congo, and furthermore, that acquired arsemc-resistance 
in strains of trypanosomes tends to be lost in the course of repeated trans- 
missions through tsetse fly Such conclusions would, of course, be highly 
consoling to those who are worried by the thought that arsenic-resistant strains 
may ha\ e been produced actually as a direct result of their own well-intentioned 
(and indeed highly successful) mass-treatment programmes But, as I believe 



Prof \ AX Hoor b wy vQling to tgrc t , it ts txtrcmtly difficult to fctl 
ab«olatc)f »iUsBcd u to the interpreutloos pUced oo hb apcfimeoti] finrfmg i 
For ocainple, TtWe 8 (page 73^ purports to tbow the cftsblUhmeQt of t 
trypanosome with s lower degree of resotsnee it the end than it the beghtninf 
of a aene* of eydiol trincmmant^ Eximinatioa of thb tiUe leemt to abov 
berwrrer that Infectlom of the culieT psaMge* were gtrieriDy cured by fnm 
5 to 10 eg per sod that thu lercl of carsbiUty was rmdnbdocd to the cod. 

There b t conddenhle TansbiUty lo the results produced by Prof. 
Vait Hoor* nork. Thus, resutsoee a sometimes acquired readily somedmes 
It ta not. Resttance ca aometimet loat easily aomctima it b not. Much of 
this rsTisbihty U no doubt a rrflectioo of inheroit ranadoos and instahOity 
of the trypancsomei and tsetse fliea with which auch work ii done. Oao cannot 
ocape the fechng. bowercr that expcnmoits earned out under field cofuStiuu 
arc mcnubly auh^ect to marry more nocoDtrtJIed and rinsuspeeted rsnsWe 
factora than aimilar work earned out under the more precaso Ubontory coiufi 
Uona poariUe, for example, in that country Thia « twt laid, in any way ia 
dtfparagemcntof workdooeimderfiddccnxrStiona. Obrtously andaxiomatically 
en^ w^ la of the eery higbcat and fint importance. There la, howertr 
more than a tendency for field workers to speak o( reaulb obtained m European 
Ubontonea as Okdy to be of little waloe because they were not obtasd is 
the field arid therefore do not apply directly to the ercuffistaoeea of the field 
But there does remam thu fundafflenul advantage that, under the ceaditioM 
of a wtG^equipped E ur o p ean laborstory one is able to etclude maay of the 
nnablea, ai^ so to amre at answers wfalcb may well be altlmstriy of nsore 
rahie as potntm to what is happaung m the fi^d than are results obumed 
actually ui tbe field itadf Prof Vah Hoor a eiplanaiion of the namg In ciihmr e 
of ataeuc rc aiata nce m tbe Congo may or nay not be tbe correct one, bat the 
fact remztns that audi reagstance ts eaaUy produced m tbe laboratory and the 
danger w*a pomted out many yean ago, particularly by Wabuxctox Tewrt 
(1933), that m course of ume the madmet of atsoac rtsbtaace, tmts- 
mbaible through tseoc fly was likely to increase in the field. Ithissolncreised. 

There tt another matter on which bboratory work id thb country has an 
Important bearing Prof Vax Hoor telb ua (page 742) that rtsistaoce tx> tartar 
emctic la now more prrralent where araemc reaitfaoce b more cornmem, that 
la, where anenicab bare been touch used, how \o*S£, Mc»aAT*oTD and 
IlATTUXO (1932) showed years sgo that it b e mr erody difficult, if not Impos- 
sible, to pniduee resiatance to tartar emetic when using that drug alone, but, 
when uied m conjunction with arseipcals mbtance to tartar emetic arises eery 
readHy This sppeari to tie up with Prof \ax Iloort finding that tartar 
emctK rc sia taocc ia particuUrty well known in those places where arsemcals 
bare been much usri I hare noticed, faj recent sccounts of work m the 
Congo (Hatiagi, 1945 ExtAzrn, 1W6). that one of the treatments of chmet 
for araerec rtajitant aleeptng aicknm b tartar etoctic ifi combination with an 
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Aat Ae UgXt th.s 

trypanosomes by ^q-w wbat that tr ogoroiasis ^vbm places 

SLnally, I ed an ^-et *at tVus 

sound treatment ior system berng^^ !t Upanosomes « 

stage of tbe melarse arsamide-resis ^ is certairiy 

areat faitb m tb^ n against jr^ then its disco y rushed 

it is effectiv nrtant advance , . report: on tbi , ^ g already 

«tten.dy..npot^ ?e o" ,.„stacto^. 

^^^^'°?S doesr^otappeartobavebe ^ ^ vjbicb be wiU rio 

ri^z,l945) {Tropical wb be places m 

been cnticm^ piooF bas some j^^tb v/b course, 

assume that P ttt ®ttPP sleeping sickness ^ 

doubt describe m du^^^^^ ^^TSle pudding ts. f and m tbis 

melarsen oxide as and tbe proof ot tn P Viazard a S^t®® > ^epmg 

ml. .0 «her. one n..y „ «8®*‘ ‘“t nUe® 

sickness, militate against j.fferent aspect 

(1915) ^ " tr'?W "S^t ^em'^tb other ^o^f-^Zse 

should accoidingly mentioned by “ p [ van Hoof 

I nonce .tot oa» left oub o. «hettor 

cnticism Tbe excellence of Pro There is, for e P ^ 

and apparently mgniy 



donudmc* ud inUTpol, »iid the Tilue <rf Prof ^ ak Hoor*! wwk as a wWe 
cannot in any way «ujer from any critidtm I hut have nude. 
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Dr Vta Hoof (m repi ) Firat of aH 1 tnah to convey my beat thinki 
to Dr CuERtiuiAlt for ^e kind wordt he addreaaed to cnir Con^ ^fedlCli 
Semcea and to myadf We do much apprmate the help that wa* given by 
tV>e medical itaff of the Mrniona m the atruggle agumt all endemic diaeaaei 
and eapeaiDy againit aleeplog #»c1cne»» and the Yakom hFiaaton bnngi one 
more eumpte of the poaaibdity of complete endiOUion of thu jfiaeaae by 
chemotherapeutic meam only 

In aimrer to Dr Davct f t ia true that totne cryptic cuea of keeping 
ncfcneaa may occur after a prophylacnc doae of Barer 2C6 we bare atiJI no 
information of thtt happening after prerentnx pentamdiae treatment ether 
In rulonteei or in field work. 

The fact that pentanudme cnnitot be traced m the blood even by the mort 
precue tedustpre, a abort ume afio tta adsorduratKio, u certainly esnena in 
new of the long protectioo conferred. There remain two poaaible exptuuuwi. 
Firatly that the drug may be atored to acme pceuTiar ceUa or baauea where it 
retams a au&aait trypaooadai activity or accondly that the dmg before 
IcBTfng the body may bare created or locreaaed the natuxal dcfeocta of the 
pliima. 

Dr Loenna reota ka do Dot teem to be tn oppothion to the idea of 
naturally rcdataat atraioa. Ln the caae of the Omococeai we hare alao met 
0*0 re^timt to pemaBin in a town where the drug had never been u*ed before. 

I will not deny that in the Congo we have created, trrer a long penod, by oor 
cbetnotberapeuuc wt»k many axvcnlc rcaiatant uy pa tHwomca, but what I 
Intended to demonftrate u the exuteoce of thm atraJns ia not entirely 
the CO OK q u epee of a wroog method lo our alcepingHuckneaa campaigtu 

Alciaraai oijde haa bca Cned in L^opofdrilie aince the end of 1B15 on 
aenct of re cen t and advanced caae* and on relapac caaet. Our reiulu bare 
not yet been pubfathed through lack of lime and becauae many patient* are 
•till under obaervation and, « i rule, a definits opamcm abould not be green oo 
a trypanoodal drug before cofficsent tune ha* ptwed to allow for eventual 
rdapae* However what I aaid about the actimi of the tncUr>en oildc in 
nerrou* mTtJvemcnt may be taken a* clearly ahowii in the ca»e» we treated, 
and we hope to publuh detafla very aoon. 
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We did not mention cattle as a reservoir of tryp’anosomes m the endemic 
foci of the Congo As a matter of Tact cattle are only kept by natives outside 
the endemic area Stocks owned by European enterpnses do exist m the 
endemic areas, but almost all are in regions where only a few sporadic cases 
occur These herds are not in close contact with the natives as are the smaller 
domestic ammals We do not ignore the danger that oxen are a possible 
reservoir of T gambieme, for I was working m Entebbe when Duke obtained 
evidence of it amongst calves at his laboratory 

Replyrng-to Dr Hoare, I can confirm that Dr Henrard and Mile Peel 
have worked out a senes of expenments with cultures of trypanosomes which 
have a beanng on the difficult question of immumty and of specificity of the 
main groups of pathogemc trypanosomes This work concerns also the antigenic 
properties of species and strains of these flagellates and will be pubhshed by the 
authors 

Mild cases are frequently met, usually m epidemic extensions of old foci 
and in new infected areas, with the charactenstics of a high transmission index, 
although the flagellates may be very rare in the circulating blood The majority 
of these trypanosomes are not resistant to tryparsamide and behave as if they 
were not yet altered by the influence of any drug A small minority are resistant, 
and we bebeve that this minority of resistant strains will maintain the endermcity 
and even cause the gradual increase of the stock of resistant strains after a 
chemotherapeutic campaign 
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COIVOIUNICATIONS 


INTENSIVE TRYPARSAMIDE THERAPY IN THE TREATMENT 
OF TRYPANOSOMIASIS 

BY 

A F FOWLER, mrcs,lrcp,dtm &h, 

Medical Officer, Gold Coast 


Tije treatment of trypanosomiasis at a general hospital in the Gold Coast 
presents certain difficulties Staff specifically trained in the recognition of the 
disease and its treatment is not available , for the infected constitute a relatively 
small percentage of the total hospital attendances The medical officer has not 
the time to keep accurate records and follow up cases Hospital trypanosomiasis 
patients are usually treated here by twelve intravenous injections of tryparsamide 
at weekly intervals In most instances the disease has progressed to the stage 
of advanced mvolvement of the central nervous system Hence neither antrypol 
nor pentamidine is the drug of choice — ^with few exceptions Many of the infected 
live in villages, often situated at a considerable distance from the hospital An 
appreciable number of those who attend hospitals on mam roads are migrant 
labourers with no fixed homes Such cases often feel better after a few injec- 
tions and then, thinking there is no need for further attendance, wander away to 
another locality 

Beanng m mind the above factors, especially those of distance between 
home and hospital and the length of time required by conservative treatment 
(12 weeks), it was not surpnsing to find during the first six months of 1943 that 
over half the trypanosomiasis patients attending Tamale Hospital never completed 
treatment Possibly some of these became arsemc-resistant 
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It occurred to tiie untcr th»t in inteiuirc coom of tiypmatnJde migbt 
ariai mt ciit nao^ of the dlfficultin enmitented aborc. The idea wu bated 
on the thort inteiWTe roethod of tneno-thcrapv introduced by CBUsm 
Lzrm and Htmam icuthc treitroent of etriy ayphilli. 

ScTcoty two contecative caact of trrpaaotoauaaia in raryinj; atafci of the 
ditcxte were admitted to Tamale Hoapital m 1943 and 1944 and treated by 
tntwve do»e trypamnnde therapy by Intraeenoua dnp metbod. I^er 
thirteen CB»e» were trated In hnpltd repeated daily Intmmottt Injectiont 
of tryparaamide id 10 c.c. doable djabUed ctenie water otins a Tnalt dailj doae. 

Apart from trypanoaompm, many of tbw cases were al*o tufTenng from 
malmitntiQn, c hr ome msUrta, SUnattt and hehninthiaais. 

In all easel gland jmet when araiUble (ugmfied by gland puncture, 
OP) thick blood films (BL) and cerebroapiiul fluid (C.9J ) were exammed 
pnor to treatment. Nornud CS F — cell count Jen tl^ tea cells per cjnm. 
no trypanosomes, aJbumm 002 per cent, or lets. CSJ + indicatei Inrolre- 
ment of the central nervous syttcm(CN S ) as endenetd by an increased ceOnlar 
content with or without an mcrciised proton cwueiit and the presence of 
trypanosomea 

Mfthoo a. TatAnjBtT irr Dw? Mptboh 
(72 casts). 

Total cases treated serenty two males fifty>ux females nxteen. 
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The number earb« -- 

11 1 per 

Computation ^^tbance, eight ^ 

(11 Visual disturb ^ 0 9 per cent .ureel 

3aundice, ve ^ ^ 

Mortality g^even e= l5 P 

Deaths ^«WQOT ....„e,. an ®P">'';!!u 


The rubber tubing ^ sed 

‘ fday. t^ll h.6b tetbpetatb" 


cQ w in v^eight pt v^as 0 ^ 0 .^ ^ temperature 

tal, t« 6 to „,,se as the btg ^„„,e 

Jr dav or two dunng flushed thro^fe ^ontamer 

The three cases, interest Cas Lpgn infected earlier 

sirfSJjri: 

seems pl0bable'»“' 

‘'“'^^atearms^et'®'^'’* 

OUen:aU^ ““ 'Stu"m“= - 

p«ema often very '"S*'’ J^Vee teatet vnth the W'^^j^snude (of 

It ,. ®p.sstbl.W^“?i, «tT?hm "Stly a 

‘?Tv SI™“' I ^s common, hut eonshtnted only 

temporary mconvemence 
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Tabu III 

KUrr XTTK CAM roLLOWD CP 



EtiiT ~ *0 amiirwaro ot cmtral mi row t yp taa CC.N S4. 

Try p M iM CPo— bsaif daaaw af csaudcnbt* c^reocVT ■> dua a oud* W cun 
•lw\ caan. TIm wrd atr^laetMT ■ (>*<1 aw<CTt» Uni and (ijod Jurt* 

(if fUndular colmcmmt pmrw) arid omdU apml fla i l, iftlim da ow «a Im ana. 


c?t. 




A F in children 

, „ea»en. o,used .u* 

"tdStei raP'^V ’"'iftdVn 0*“ _ With on. 

•fthi ntht' “”'^ ° „ed doting “““'"nttal notvo® 

Qne of farming ^ost of t^^se ca 

considerably occupation, eg , „eatment 

sumption of no “ poor 

^ STonlS-tadbeendescnbedas 

o? TBEX'TMEt’^ ^ considerably 

RESU1-1S o? tbe ^red to glands 

^Clinically, most barged P®"J'‘'ouncture, g^v® 

(a) Immediate ^ subsidence o enougfi P mental 

V' , There vras a rapm , ^ere stiU laife .mnrovemem 

benefited .gg g\ands, ^ ^^nolence and imp 

After treatment, tho^g ^3, of somnol _„bered that 

a negative resul Jrarnatic must be r fonn 

acui? was frequently of ^y^^gToast Afncans consid 

j^“3= sv “£:5i'= ■-: 

. iSi:.’ 1. ..a 

only of the g Those cases vrhicn 

f W Late Results — t m> page 7bh) 

1 Ved mto four groups (Table 

classihed in>- , o m 6 months au- 

^ 1 Those examined ,. 

Group 1 ti 6 ,, 12 „ 

O ,1 ” -t r» >’ 


» ^ ” 12 »> ” 1 

,. 3 " ” Is’Im ■■ " .„Jcase.folh>«'‘’''' 

" 3 „ of Table ffl ahovie that cured. 32 
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ca:<cLviia*«. 

Ahbcmgh the rcrulU of tha dnp method of treatment were frepieat]/ 
{ood ukI the length of treatment conafdcnhfj' curtuled, the raoitalrty rate w» 
high (15 3 per cent.) and the Incidence of Tianal dutuibapct abo high (U 1 
per cent). 

Apart from the adecuve tcUon of trypammldc ca the ophc nerTt, » 
other tone effects vrere seat. It ta confided that the iligfat jaondke seen In a 
fev cues vaa not due to the drug 

The death* trhh ooe exception, were probablp due to the exhamtiTig 
effect of a high temperature on a Ured myocardiuin. 

Uolea* therefore, p7n>gtn*frce tmer sa araiUbk tins method of treat 
meat u not recommend^ Hospitafinnoo a essential and it tt tune tbsothuig 
to the QurtTQg ttaff erho are tlwaja m short supply Also it may well be that 
Method B (tzmUer daily lo^ectKiiia) «iU give good rerults and hare practical 
appCotUon m the treatment of tr ypa n o s omasU both In boaptul and in (he 
held. 

*nie importance of examination ol the spinal fiotd In dugnosis and sid»e> 
quently u atreased. likewwe all auea preaenting rheutiMitjc tymptoou ibcwJd 
be exvonted to exdade tTypxocnomDtxa A fanle dtagnosu of ** yaws Tbcn- 
matlim trtll rcfuh in many cases of trypanosomiuii being imwed. 

MrrnoD B. Tttamcfr rr D«it 10 cc. brTB.t’rnsocs Tkttjmauw 
LtjtcTTOH (TinmzK Caso) 

As nated earher i( is impnuible to product p w og to free water at Tknule 
HorpitaL 'Hw cotutitutumal dietorbat^ roruliant upon the oae of water 
contdmng pyrogens in the dnp method ns probably rcsponsihle for the high 
mortaBty fate. It n* therefore decided to pre the tryparaaoude diaaolred lo 
10 C.C distmed waicT daily »n smaller dosca over a rtlhtr longer period of 
time. 

This (Dctbod hsi (be ment of atnipltaty The setting up of ta latiaTeooua 
dnp apporatta ts ntainieiujKe for 8 hours duly and the resultant pyrexis, 
necessitated fl connderable smouiK of ddnioosi work f r the staff "nw single 
duly 10 c,c. injection has none of these objcccooa and could be taed for out 
patjents. 

Total cases treated thirteeQ. (males moe femalea, four ) 

T»»ta IV 
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..“.r.— ..-dvancod 

a'.S=§ii525;"S=- 

Only three cases, 

«s vanabfe. as *=jrmo“S 

rStatrs™ 2.'e. n. '^rt.“d VS.S 

leqmrernantj.® t= cured tm”*”"”" „llteW advancer 


The total ■ Cases 2, d, t>. jia, 16 jrptobably 

rVnai tot » »' *»"' “ ^ after t^-^ ^e 

|h':"ere not 

She SSts of e— n o cell co^t , . „p„rH or trro 

nnstotog >o J,, ,, She spinal fluid 

more reliable recor ^,tenal rr 

*"'?S'IISibe. of cases ''o,*’'"Vr 'o"'" °' *' ®°°'* 

““'"Sdt"^! tbas method and folio- P’ 

cases should D g U 

late results m (-ases i., 
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SUUMAKT 

Tratmcnt of •erenty two cues of tTyp*iio»onik»]i by Intamre try 
piramide dnp thenpy ii dcKribed. L^te remits ippear to be sttisfictory 
bm tbe method is not recommended under cxutin^ condiboos owing to tbe 
high mortality rate. 

Treitraent of thirteen cases nimlariy affected by daily intrarcoous try 
purumide m 10 c.c solutioti la alio described. This method requires forther 
iDvemgation and may be of conaidetable value. 
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3 To «udy the influcpce emtnl hj the dctoxicatioo of TWion» entla 
txmc byp e ig ly ctwalc sctioo, puticuU^y with t view to ehiacUting 'whetho 
the hyper^fctemlc acuoa i« Uohn) up with the toxic pfopcrtle* of r moua 
or e\tntiufly with their zoogetuc propextses. Such expcruaentt ire euily 
carried out by twof detozkxted rcooma (iniresomi} which aHow coo* 
ccntratioQj of reitom dcnratives to be injected iQ atoxic fonnv (GsAJSrr tad 
ZotTTEfDTx, 1932 Ramos 1926) 

In coaomt to Bnmwmi and Vlaooco who employed jumeapfgi tocady 
for thor eipcnnients we laed rabbit* cxcluiieely Intnvemus injection* into 
rabbiti are techmcally extier than into gmneapng* capccijdly when large 
i-ahnnea are injected. Alto att cceaai vo rcnoua bleodmKa can be earned out 
with case on rabbits without hanng to Tcaort to cardiac puncture* as in the case 
of gumeapigs As menaooed by BamtAWD these puncturci may be acewn- 
panied by vamnon* in the btood co^ content eren without the adanofstrsdaii 
of I'enooi, xrhcQ giooeapi^ are oaed. 

DmEUMTWkTias c# Blooo Sooa* m Ncaauv Ramtti, 

Befot* efocaedjxic to atudr tfaa «*<catial hTpendreanzde aedon of raaom oo nUWis, 
we (bd KTMi of Wood cucar deteauoctMis «n oonml nbhita aobixeimd to thie* swa»- 
tn «mpk bkediOBS to etomacQ dw e au e u a t noRaal Ifavts usdar tealUr eqwdoMDOi 
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j ,n tbc Wcrfttutc o ^ feeding, the 

whole '‘^f^Jw-ater dunng this p throi'gJt°^‘^ ° three success^' 

with dnolntig j^cthod usea ,,r.o i\ — .,r,<T to tnn- — wa 

^ a rtrt »»w»n*\TT\CS , . 


fooler, Sid .1.0 «»'rooo“°™"%ssfiS 

mttab .1.0 “S-aidoM .0“ '"f S »luco8t po« o ' ". 3, 4, » 


,thin the ;^nt tests ^^•e^ ^^^^ucose per c c ^ 3 4,5 

the 4 -hour bleechng ^ the tirs ____ 



>11 ^ -I 

^"^erlOOcc m control rabbits 

„ rniUegrams per 

Blood sugar ttitniues 


Q «CTtm or xawx \lxox 


IlTTOtOLTCAElUA W RABBfTt SOKUITTED TO LxjtCTlOja OT 
Nata fUt« \ EXOM. 

The \-enam u»ed In these expemnenU wtt t pooled nurture of 20 grunmo 
of A fiaca ^«tom, eoUected in Cbpe Prminee in 1942, from more thin 
100 ipeamem of Cape cobra, and kept elnce that time In a potrer iie d fora 
in ckaed cwtamera. The lethal doac of thi* Tenom for rabbdta of 2JX)0 to 
2,200 gramroei weight ii 0 35 mg by Intravenoua injection and 1*4 mg. by 
aubcutaneoui uiJecQort Death occun in 4 to 6 hoar*. 

piraMDunoN or blood sdojui c u xr tx T touxjwwo iobcdtaiooci 
ixiEETiox or Naa Jina tenom. 

In thta expernxteni, ctarted nbtnta were bled (1) lasnediatdy before 
admuuftration of the venorD (2) 2 houn after the injecuoo of 1*4 tif, of 
N Jlara renom adrmniatered nlUcmtaKnaulj in the Bank (3) the final bleeding 
vra dont within a period varimg from 4 to 8 boura after the vroom Injcctjoo 
and aoon before death, when the aiumala were abeming very idtanced tifta 
bf iniomcatlon auch aa paialym and dppooc*. The blood augir ctmunt for 
aix nbbiti 10 treated i« given tn Table IL. 


Taau IL 

ainop aoDu w rton o« uo m loc c. 



The average percentage locreaae in blood augai 2 boufa after the toxhb 
injection wu 1^2 p>er cent, and the mcrtaac before death (1 boor 40 ndmiitt 
to 6 houra after the injection) nai 145 per coiL It ii important to aote the 
todindaal cEfferencea in the nae of blood sugar foOomng the aamc doae of 
venom the incretae nned from 31 3 to 44 1 per cent In taro of the aaiinth 
(RaWnta 11 and 14) the Increaae took the form of a moderate cootfew*^ 
nae while in the otben the imtixl modente increase waa foUowed by s aharp 
nae dunng the houra pnor to death. 
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vmMH.TcxrHic.icniBt or rmais vnroxi 


Uurd btecdliig mi tiken lOon before death, 2 to 4 boon after the admhit' 
tratioii of Toiom. The blood ngar enurtsboni recorded art gmn in TiWe IV 
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Again tH nbbit* injected ihomd a blood fugar Itkcrcsie nbeb in tbs* 
expermseot a r ettg e d 52 per cent, after 1 bour 30 end 2S3 per crat. 

afla- the third bleeding loeo before death, rtaduxrg tn caie of Rabbit 21, 
ao iacreiae of 792 4 per cent. The increaae of blood augar ippeara to be more 
accentuated when d^h taiea place oalj after tn hour Re^t* obierred b) 
Rabbit 21 are of pamcular intereat from thii pcact of new Rapid crolutiBa 
of the afn^tomi ma foQovred by earlj death in Little orer an boor The nae 
in tbe bioi^ fugai content obaerred danng the lit boor ma foQomd b; a 
ra^d decreaae ahnoct a p proaehiog tbe initial lerei. 

In the next experiment, four other nbbtta were firen a aliKbdj fowc 
dole (0*3 mg ) of A' jfata Tcoom mtnrmoualy Thia mumnt of reoom h 
snfEaent to prorobe aerere ajrnptoma of T e oom latoxiation in rabbiu, reaohmf 
in delfljed death with tn occatjonal recorcry of there faor rahWti, three 
(Rabbit* 2S, Z7 and 28) died after 4 to 0^ boon the other was bled ctranvw* 
after 27 boara (Table \ pagcTTS). 

In thcae rabbrts a maibed mcrcaac in blood mgar "mi obaerred withfai 
the boura ttnroediatcly foUowinj tbe adminutration of rewn — the trerafo 
inrr»‘*tg at the aecood bleeding ma 66*4 per cent- The trertge increaae at 
the third UmEng wat 116*8 per cent. The fagimt mdJomm mocaae w** 
reached jo»t before death iD tbe three rabbita which ified within 6 boon. 1* 
the fourth rabbit, Rabbrt 26 tbe mcreaae after 4 boun waa 114 2 per cmi., 
but after 24 boon there was a fall to — 33 per eeit. below the origmal Hood 
fUgar ierrL Graph 2 tbom the aucceatirt biood angar lertla for the reipecon 
rabbita with the cotieapooding tiiacB at which the bleedinga arere taken and 
tbe petiod* after which death cnaited 
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From the abore «pcrim«tt» it Appear* that injecdon of N fi*ca Teooa 
tdminiitcred lo adequate dote* other subcuUneouilT' or intniTeoouiJy tD 
produce dath withao » few hour*, U foDowrd bj a comidernblo Utcraae m 
the blood comeot of the aunnala so treated. The lutrarciioQi iojectm 
of N flan Tcnom causes a much sharper irdtiaj rue than the stibca^oeins 
sdmudstrsuon of Isrger doses of the same reaom. The teaser r ca c c on of the 
latter tppean to be related to the progresaire absorption of Tenom but after 
the miuiJ phase there is a rapid hy pcfBijcacnac rise, as tnth intrarenoia 
io,fcctions, which reachea m come etarr^ ndibiU an incfcatse of 178 tad +11 
per cent over the anginal Wood sugar Irreh 

Rabbits fed prior to the subcutaneous injection show on the whole a higher 
onginal Wood sugar terd. A shght £sU ui the Wood sugar lerd Is obserrod 
during the 2 hours foDowing the tcdoiq injecdoo, foDowtd by i sharp hypo" 
gly c ae t mc rise. This loitiai negaure phase contrasts with tte coodroiaj me 
in hyp erg iycaerma winch appears to atart aoon after the injection of T ca om m 
tfaneJ rabbits 
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Delayed d«thi sppor m some cases to be a mnup anicd by t aecoodarT 
drop from the hypergly o e n uc peaA reached, down to hypogiycaenue icrel* 
below the lerel cusuOR before the injectioo of the Tenotn. The hyperglycseonc 
levels obtained wiUi ff flan venom are, on the whWe, of the tame msgnitode 
as tbo« obtained by Bnmu:® and \ LstiOKaJ (l&W) with cWobnne veii<w«- 
These author* injected only two gmocspigs with N flan venom. A lOO per 
cent. Wood sugar increase was observed in one guineapig after a subcntantcus 
injectwn of 13 mg with death following n 6 bcfura. In the second gumcaj*?. 
which received 2 mg in two ftsctiona at hourly intemj*, the rise was limited 
to 38 per cent, and the gumeapig survived. TTiey also quoted s 155 per cen^ 
blood sugar increase for i gumesptg Injected with A Aasa venom. The 
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norma] lerd while Uw IntoxicitioQ vyrnpcomi nbijded. Rabbit 31 U retarded 
u an exceptional ok the {ojectioa of Rabbit 3l with a aGfhtlf higher dote, 
1 3 mg of B tneiaits Tenom, rtaohed m early death within 4 bcAio. Tha 
rapid evolution of aympt oo g was acc omp anied by a l ow e ring in the Uood 
augar cnolent before death. We cannot giw any explanation for the canw 
tkf tha tmuaoal obaemUoo It la powiblo that auxiden dath foUowed oo 
thrombocu and ambolui and ponibly waa not dae to genera] intoticatiOQ. 

In a further expenmeot, three rabbita were injected iDtramoutly with 
1*4 raj B orutMMx, the certainly letha] doae of Tenotn (C.L.D ) for ribiati 
of 2,000 jramrort. BJood togar dclermioatmta were earned oot aa preriocily 
before rtnom adaumatradon, 2 hoara aherwarda, and aooa before death (Iq 
thia ctac 2 to 4 boon from the time of the venom mjecdOD). 

The reaulta of tbcae expenmenta are incorpocated in Table VI (Rabbin 

32-ai) 

The bk>od augir chanjea were of the acme chataefer ta tbote wfaicb 
occurred m the N jUtt expentoenta When R amfaas waa aitrrJ n i atfwl m 
fatal doaea by the mtnvenoui route; the blood augar cootoftt abowed a rapid 
n*c within 2 houra of the injecuoai. Tha aharp byperglycaenric nse is Buin- 
txined dtmng ttw follcrwuij lumn, reacbii^ Its ma.'dimini aocm before death, 
the increase Tarying from 300 to per cent. Details of these expemaents 
are ahom m Graph 3 The hypef^ycsemic lerels reached wnth B aruUB 
are on the whole higher than thoie ehtJined with N Jhca vesom. 

A second expensxnt was earned out with aiwtber apecunen of B tntlai 
retrom of lover toxiatr M mg injected intraresousJy in rabbia rcaohed 
only m late death — after 12 to 3| boon A higher dose of 1*8 mg prorrd 
fatal iQ 1| to 5 boura 

Starred rabbia of 2,000 to 2,000 graimnea were injected reapectivdy with 
do«et of 1*4 Id and 1*8 mg of this vmmn, and blood sugar detemmationa 
were earned out cn a anniUr baaia as ui the pr e viou a expenmena. As abowo 
by the reauhs of thta experuneat n Table \'1I, the lower doses of 1*4 and Id mj. 
of Tcnom produced an ocreasa m blood aojar after 2 boufi These were 
followed, b o w ere r by a aubaerpient drop towards the original blood aagir 
lerel during the following 12 to 24 hoora preceding d»« <b 

Whbtbe higher dose of 1-6 mg venom, Uic earty 2-bour Wood augir maease 
was muotained and found to be somewhat higher soon before death (Rabtaa 
40 and 41). Details of these experlmoia are abown in Table VIL 

Reference to only one gumeapig injected with S arirtjtnj ts girtn m 
BErrxAKp s second pobliaticm (BDti»AirD and Vuwsco 194(bX 
ammal rrcejred 4 5 mj erf B tnetsfu aubcutancoualy split into two dc**» 

2*6 and 1-9 mg at J hour mterrali. Blood sugar detertnlnatlona before Teocm 
injection and 9 boun later at time of death, are reported aa 0-735 and 0 13 rag. 
respectiTely represendng a hypergfycaenuc nae of 75 per cent. 
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Funhernwre the coandertWy hifher bjpcfgiyaanic aedoo obaerred « 
our expemneou (tore to cItm Usber) wmj pertly bo attributed to the 
toctfe npid ted iolow aetkm of TC toto lo^eaed lotnmitnaly vithoul rpCtbsg 
the cmotiat injected into two doeei. 


NtoTRALmso iKTUTctot O' Srtcmc AirrmKOMotai Stitru wt ^E^nu 

TATTU RSOAKi to TKl HTTOaLTCAlMU ElBtTED IT TBJ Ve:«OM. 

Tlic following expenmencx were cvned oat with a rkrw to taccftaifflQt 
whether the bypergiyeaetnic acooo exerted by Tep ouj e would be influenced 
when penoma *« ocutnltxed by apeafle eotrrcDciic prior to tojecdon. Bcaidea 
ita academic iotcreat it was eatiioaced that this partjcolar approach to the 
fobject nsgbt be of pcxcocal utihty at the tr ea tment of aoakebltc. 

DmatMtjtATiOM OT BLOoo ttoAi co-wmiT m HAsarri aiJi'*Trrn> t o 
i >jEC Tiox3 or KrtmuLimi NttM fiarm vim>M-am3nc Awnrctcti jnrm*. 

The a* me acmplc of ff fUcm renom waa used aa in the prcnoiu dpenment 
Two mg ol this Tt ntc i waa tmxed with 3 c.c. x£ cunt critnied ariU-y 
KTum. TTieac pruportr ooa omirc fuU renom neutraUzatiOD 1 25 oc. « 
Jut apeafle acnim ra auffiaent to oemraliae u et#ra 1 mg of A Jletw reoo™- 

After 1 boor contact at 37* C. tta mixture was injected [ntraremJosJy 
o each of three atarred rabbita m the rolume of 5 cc. made up with «alls^ 
flood sugar daenmnatjona were earned oat ca preriouijy oo three 
Jeedioga, tj before injection of the murure 2 hours and 4 boars later The 
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rabbits so treated remained normal throughout the experiment The resulte 
of the corresponding blood sugar tests are recorded in Table VIH 

A slight blood sugar increase from 28 5 per cent to 36 per cent was 
observed during the 4 hours following the injection of venom-antivenene 
mixture 

Another rabbit was injected with a nuxture contaimng the same venom- 
antivenene proportions as above but m double the volum6, t e ,4 mg of N flava 
venom added to 6 c c of specific serum The corresponding blood sugar 
determinations (Table VIII, Rabbit 47) show a siimlar moderate nse as m the 
previous experiment despite the double quantity of venom m the last mixture 
The results contrast with the considerably higher hyperglycaemic rates 
observed (three to five times higher) when N flava venom was injected in the 
absence of serum and m amounts ten to thirteen times lower (0 3 to 0 35 mg ) 


Slaned Rabbits 


Table VIII 

BLOOD SUGAR CONTENT IN MG PER 100 CC 


Num- 

ber 


42 

43 

44 

46 
40 

47 


Weight 

in 

grammes 

N flava 

antivenene mncture 

First 

bleeding 

before 

injection 

Second 

bleedmg 

2 hours 
later 

Third 

bleeding 

3 to 4 
hours 
later 

Per cent 
variation 
m blood 
sugar at 
second 
bleeding 

Per cent 

variation 
in blood 
sugar at 
third 
bleeding 

1,076 

2 mg V -f 3 c c 

S 

70 

— 

80 

96 

+ 14 3 

+ 30 

1,C60 

2 . V+3 „ 

S 

00 

110 

120 

+ 22 2 

+ 33 3 

2,430 

2 „ V + 3 „ 

S 

70 

70 

90 

0 

+ 28 6 

2,180 

10 .. V + 4 „ 

S 

120 

100 

100 

— 16 7 

— 16 7 

2,080 

3 2 „ V + 8 „ 

S 

36 

110 

86 

+214 

+ 142 8 

2,000 

4 „ V +0 „ 

S 

70 

90 


+ 28 3 

+ 28 3 


V «= Venom S •= Serum 


As a matter of interest, the following experiment, although difficult in 
Its interpretation, is given — • 

Two rabbits were injected with N flava venom-antivenene mixtures, 
contaimng a large excess of antitoxm (1) 1 6 mg N flava venom -j- 4 c c 
antnenene, and (2) the same nuxture but doubled in volume, te, 3 2 mg 
venom + S c c antivenene As shown in Table VIII, hypoglycaemia ( — 16 7 
per cent ) Vims noted in Rabbit 45, injected \nth mixture (1), whilst a consider- 
able increase iitis observed in Rabbit 46, injected wnth double volume of the 
same mixture (2) This exceptional and unexpected blood sugar increase 
obsened ivith a \enom content and ratio lower than in prenous experiments, 
niaj. be connected with the relatively large amount of foreign scrum (8 c c ) 
introduced intravenouslj 
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DmumuTioN OF BLOOD scaiji IK Lusm •DBHTTTED TO if ij ec nccu or 
KnmL\Lrm> B tnrtMia n:naf »rtuijc axhteiwi larmi. 

The uinc type of apemnoot w» reported for B <i7iriawT«K»m-*mircnaie 
mist ore. 

The tpoafie cmi B metjoa rennn ured oeotrthied 10 tog of B cruten 
Tenom pa- c,c a neotraUzation rate about ten tunea higher than In the 
caac of N flacm reDom. A nuxmre contalojog 1 5 cc. of andrenene and 10 mj. 
B tnrttjo T en o m ww Injected intraTeunaly eftcr 1 hemr contaa at 3S*C 
to each of three starred fibWta. These proportioia enaore foil venom ocatnl 
nation. Three other starred nbbits were injected with a double amount of 
the a«ne miitiirc, ut repfeaeniiog 20 rag oif Tenom 4-3 ac. andvenomoai 
scrom. AQ injecUona were s dm lrd M eted intrsTenouily in a total of 10 cc, 
complete with saline. 

Blood aamplea were taken aa prenottalj i.#., before injccdon, 2 boort and 
4 hours later The rcatdts of the detenmnatioo of blood SQgar content for the 
respective srumsli are grren tn Table IX. 


Tsstt IX 



V - Vmob. « >. Berazu 


Average blood tugar increase for 10 mg V + 1 5 ccB In second bleeding 
+ S 13 per cent, in third bleeding 0 per cent Average blood sngir increase 
for 2D tng V + 3 ecS In second bleeding + M 3 per cent m 
bjeediog + 14 3 per cent 

As m the case of the N TenoiMntiTeficne neutriBitd ndature only 
a lEgbt or iDodcnte Increase la blood sugar was ob i enr ed daring the 4 boors 
fhOowing its injection. E rc e pr in one case. Rabbit 51 this was soon foUowtd 
by a drop to ongmal oonnal lereit. 
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Dijicno’* or B tnrtnu AWAviwoii to »AMnx 
A tioubr ej t p cT H Dcnc wu corned out mth B erwrav toarenom (detoxi 
atioQ of 10 rertom eolotios lO cilloe trened with 0 8 per cent, foetod 
tor 40 daji et 37" C) 

Four furred ahtna reeeiTed to tfitrvTeaoos InjectJcio of 5 cx. of this 
tacTcnotn (60 ta$ of the onguttl vroom, comtponchr^ to 35 7 MLD b^ore 
detoxiauon) tad without appareet ducomfort Poor blood sostr estimstioia 
were amcd out tt lotervtti as id the c**c of AT /etw tairetioffl. As shown 
in T^hle X, tfter t certtin blood eugtr n»e dunng the 2 hours fltcr i Jection 
(Rabbit 631, thn was followed bf ■ rapid drop to oormtJ kreU by the 4lh how 
This moderaie and short blood increase obeerved is comparable to that 
seen in the case of the Teoom-totrraiene neutralized mixture. 

Finally with i new to aseertaining the eroatual gjycaemxc action of irnper 
fecily detocQcated tenom, two rabbits were fubnutted to the mjectioo of 30 
and 50 mg of a 5 •ruitia rcncwn treated with (b6 per cent, fonnol for 40 day* 
ttMcad of 0*8 per cent as m the prcnous case 

TTie dctoxlcitioo of the product was suffiaemly a d ra n ced to reauft in the 
delayed death of these rabbits m 5 and A hours, i.e same death time obstrrtd 
with one lethal dose of antreated renom (H mg or a quantity of renow 
twenty-one and thirty fire tin>ea amalkr in weight) as in the case of farmotird 
TCnom. , 

Biood sugar determmalioo earned out before mjecuoo 2 hows Uter snd 
soon before death showed In the Rabbit 6S injected with 30 mg. ■ loarcnt^ 
in Wood sugar from 60 to 30 mg m -4 bwa, and n Ribint 63 injerted with 
50 mg., an increase of the blood sugar from 55 to 125 mg per cc. (127 per cent. 
Increase). Another rabtat, Rabbit 64 was njected mth 20 mg of renom 
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Starved Rabbits 


Table XI 

BLOOD SUGAR CONTENT IN MG PER 100 CC 


Weight 

Amount B anetans - 

First 

in 

ana\enom injected 

bleeding 

grammes 

intravenously 

before 

injection 



60 mg (0 8% (formol) 
60 „ (0 8% „ ) 
60 „ (0 8% „ ) 
60 „ (0 8% „ ) 


20 mg (0 4% formol) 

30 „ (0 6% „ ) 

60 „ (0 0% „ ) 

60 (0 6% „ ) 





Per cent. 

Per cent 

Second 

Third 

variation 

variation 

bleeding 

bleedmg 

in blood 

in blood 

2 hours 

4 hours 

sugar at 

sugar at 

later 

later 

second 

third 



bleeding 

bleeding 

06 

106 

H 

0 

+ 16 6 

10 6 
+ 16 6 

106 


0 

+ 14 3 

100 

mm 

+ 66 6 

0 

90 

70 

+200 

+ 133 3 

40 

30 

— 20 

— 40 

90 

126 

+ 63 6 

+ 127 2 

86 

70 

+ 13 3 

0 


treated with 0 4 per cent formol, 40 days’ incubation at 37° C As a result 
of the partial detoxication, the rabbit died with acute toxic symptoms after 
4 hours This ^vas accompamed by a 200 per cent increase m blood sugar 
after 2 hdurs and 133 3 per cent soon before death 

Thus whilst the injection of completely detoxicated venom exerts a minute 
vanation of short duration in the blood sugar content, the presence of small 
residual toxicity in improperly detoxicated venoms is reflected by disturbances 
in blood sugar either by significant increase or continual drop below normal 
levels prior to death of the animals 

test was made \vith the same venom referred to above, treated 
^ 37° P formol, but after an additional period of 15 months incubated 

^ . , , 0 product which ivas then quite atoxic, ^vas injected intravenously 

into a rabbit. Rabbit 67, in a dose of 50 mg As shotvn in Table XI, only a 
4 hou^^^*^ increase was observed after 2 hours, with a return to normal after 

j, blood sugar in such conditions provides us, therefore, 

<Ir>tn ^ ^ control method of checking the atoxicity of anavenoms, and of 
detoxicated lenom denvatiies 

Conclusions 

7? iniestigations on the hyperglydaenuc action of N flava and 

this rfV'Pt!ti corroborate the findings of Bertrand and Vladesco on 

i en enced property of venoms, with the following contnbutions — 
















■maoLTCuonc Acnox or shaie nxins 


Tbe txiTtvmota tn.^ect]oQ of the rcspectlre renonu to aui t pI nbbrti ht 
do«et ftul vrithm t fnr bmtn piorokes « npid, «Hxrp tad cof maoe d nte la 
the blood tugar contest, reacbtng before death « nmdrmm increate m the 
blood »iJg*r from 100 to 400 per cent 

TIk tubacUmew injection of the nme venoms to sCErred rsbbUs is redected. 
first b^r 1 modente locrnse iQ the blood logar In Doo-stsrred rabbits sn sppre 
ashle bjpogljcaemia ts fim obaermL This initial phase is foUowed in ttsmd 
as tcQ as oon^ttarred rsbbits by a sharp nse up to the lime of death ts in the 
case of intriTencnit inyectioii. 

The hy p er glyci e a uc action of snake Ttnoms appears to be [Inked wfth tbor 
toxic properties, as the tnyecQoo of considerable doses of these venoms, estber 
after the neotnlixatiOQ by specific siuiresomons sera, or after their tramfor 
maQQQ into atoxic, ytf aotigcalc derlTatiTca (anzTestoms) does oat result m 
any further aoch bjper^ycaeotic acaon. 
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PRIMARY SPLENIC ABSCESS 

BY 

MICHAEL GELFAND, mb, mrcp, dmr,* 
Government Medical Officer, Native Hospital, Salisbury, Southern Bhodesia 


The purpose of the article is to draw attention to pnmary splenic abscess 
as It IS not usually easy to diagnose In my expenence it is not a common 
condition, but is encountered from tune to time In the last years ave 
met with three cases Others dealing largely with Native practice may encounter 

It more often, or agam, some may never have seen it u u i 

It IS seen, as far as I am aware, only in the Native races It is probable 
that the diagnosis may be overlooked in many cases of left basal pneumonia 
or other acute inflammatory conditions of the left lung or left upper abdomen 
Unless it IS treated by drainage the abscess will rupture mto the abdomen with 
fatal consequences 

One of the earliest references to this condition and an attempt to elucidate 
its causation was that by A C Wallace (1922), working in Broken Hill, 
Northern Rhodesia He recorded a large number of cases seen more or less 
together in an outbreak These cases had an acute influenza-like onset with 
pyrexia and marked constitutional disturbances There was pain over the 
splenic region with a tender mass 

The course of the illness is of relatively short duration, the condition 
becoming more senous as the illness progresses Unless the pus in the spleen 
is drained, the inflammatory splemc swelling increases in size and within 2 or 
more days a bulging in the splemc region or a generalized swelling of the 
abdomen becomes obvious The temperature is moderately or markedly 
elevated, the pulse rate is accelerated, and there is a polymorphonuclear 
leucocytosis of varying severity Owing to the position of the tumour, which 
may be likened to a sac of pus, the left dome of the diaphragm becomes elevated 
This can best be demonstrated on fluoroscopy or radiologically In the case 
here reported, a considerable elevation of the left dome of the diaphragm was 
evident Such an elevation was also present in my last case^ the patient, how- 
ever, died later I had probably delayed too long in advising surgical 
intervention. This was because a splemc abscess is not always, at first, easy to 
distingmsh from a left basal pneumoma (which it may simulate very closely), 

• My thanks are due to Colonel A P Martin, o Bn , M D , Medical Director of 
Southern Rhodesia, for his kind permission to pubhsh this paper 
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an acnte ibdoimaal cmdltioa ot cn acute pcrUpleutiii occumnc ia a oalirU 
•plten pmumably doe to infarction. The Utter condWon u wwtbyrfnwitroa 
aa It la by no mean* infrcquoit in the Nadre of tropical Africa, owinj to tire hijii 
incidence of mabna. Here the patieot alto e.xperiencea acree pain ia tb 
aplcmc rei^on, accompanied by •ooie degree of ferer and m moat ote* by 
ibght conatittrtiona] tipaet. TV pain may pertut, too for a fnr dayi. 'nxu 
one may be chary of utacrUfig a needle into the apices to confirm a dngooui 
of aplenjc abtceai. Tlua meant of differeatiaticm ia important beoreae ipkok 
upintiOn It a dangerotti procedure. *n*erefore before oeedHng one aroold Eke 
fartber eridence of the prcaence of ftank poa in the tpleen, Thu on be 
obtamed by noting tbe poritjon of the left dome of the diaphngm by X-fty 
In pntniiry tplemc ab*c« « la immobOc and ejerated, reaching a Irrd Ugber 
than the right dome. Thua any caac in a Natire in winch tbm it a raddea 
ootet of pam and a tumotrr tn the left tide of the abdomen, both of t rcixtmly 
abort duration (3 or 4 daya) the qncstioii of pnniary tpiexiic abaetta iboold b« 
aenoutly conridered. Tbe dtagnoau can be confirmed, alrooft certainly by the 
prcaence of an derated left dome of the diaphragm. In perfipleniui there ii 
no tneh eiewtioo of tbe dome of the duphragm. 

It any be argued that an amoebic abaceo in tbe left lobe of tbe Crer may 
alao cauae fuch an elemlon. In amoefaitm, I w ax tc a tender tplesie UioWiT 
win not be feh on exanuoatioti. Further amoebic abactaa of the left lobe tf 
tbe brer ctuting deranoo of tbe left dome of tbe djapbragm only li extreo^ 
rare. In my openeace. ilmoat all bver abacraaca appearing cn tbe upper 
rurface of the hw affect the ngbt lobe. 

On atpiratron, the pw tt browmab or a chocolate brownlih colour and of 
a fluid character It doacly tcaembica the pua renaived from a lirex abacc**' 
Tina if tbe only reaembUnce one aeea to a hrei abaceaa Thu colour a do doubt 
doc to tbe laige amormt of blood which la nonnally preaent in tbe apletn 
and which baa undergone degeoeratiTe cfaango 

Pnmary aplnuc abaceaa it quite different from amoebic abaceaa of lb* 
tpleen, pnmarffy because ici courae ia ao much more raped. Sccoodly amoebic 
abaceaa of tbe apices » ufuaily found in aiaoaition with amoebic Italona in 
other Tiacera, eapccially In the hrer and bowd. F»axk (l&W) recordi a caae^ 
amoetne abaceaa of the tpleen, the brer bang unaffected, hot cyata of ExtsmotM 
iasUJfhCM were found in the atoola. 

Tbe aetiology of primary apJenic abaceaa u not known. The faidy tt^q 
courie of Ihn conditioQ would tuggeat that the blood fupply to the ipVtn ^ 
bees cut off becauie tbe wbole aplemc tnaoe U replaced by a aac of 
pua and no retidual aplemc traaue can be detected, the whole bein g 
u\ tbe capaule. In the firat oae of pnmary ipleoie abaceaa I encoantcred, at 
M Ttopay tbe put waa aterilc oo culture. Mo ajsilreblc orgardama were 
tV preaent a mired growth of sta phylococci and flreptoeoca waa cultured, 
but anwebae were not detected. 
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oranges tvvnce a w admission, 4 ^nd bis con3uncti ^^y^ed 

■Uis temperatur , vjasteo. a sligbtiy ephorrboei 
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s.^esl:2=-== 

sternum A cbest and stony 

of tbe left side of tbe 
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w» nctictd *t the left bue. The which w** very tender was ailaf|ed 

to about four finders breadth below the left coatal onrgiii. 

In Tiew of the findjog* at tbe left ba*e> a dugDOab of panjnnma and 
ptcurtfy WM made TTie patteot, howerer failed to UnproTc and the lamp 
in tbe abdomen incretaed cortriderably withm tbe next 43 boon, rcaclung io 
bdow the ombihaia, 

Hla cheat wta \ rayed, and thia tbowrd a coniidcnhjy elented left dome 
of diaphragm with what appeared to be an abactaa catHty Mow the fluid lord. 
On the 4th day it wu decided that the pauent had a apicnic abaceaa. Thu was 
aspirated and brownish pus wai withdrawn, thna confirming the djagnoau. 
Surgical opiQKm was aought tod tbe tbtccaa was drained, 3 pioa of pus beui| 
remoiTd Tbe pm wws exammed for amoebae, but with negatur rcsi^ The 
culture showed iwMhmg of note berond • growth of streptococci and 

staphylococQ. The examinatioD w*a repeated, bat still no amoebae weir found. 
In the tool ora of hookworm and TVirAum tneAnmr were present The urine 
conUmed BSkaitiA k a tmtioym. Tbe Waaaermann reaction was oegatiTt. 
Unfortunately tbe patient did not make the recortiy antiapated because tbe 
abdotBLiial ioewee waa made too high and not suffide&tly dependent for (be 
abscess to draiQ He was giren a transhition a few dara later and it was only 
I actub bier that his temperature aubsided and one began to be bopefuL 
Hts diet was now rery nch in £trat*<lats protein, ngrtabla and wtamiDS, bat 
tn spite of that he did not make any saiisfaeJorr progreia. His blood ctmx 
rose but only shgtitly after t atooth. but then began to drop sJoalf Iff 
was grren another two transfusions, but he died on 5th Jaxroaty 1W5 It was 
clear to us that he atm hsd a tug residual sac of pus which we hid (ailed to 
evacuate. A radiognem, taken eartier to January showed the left dome of the 
diaphragm stm eiented (see Plate) 

At auTopay tbe body was cxtreindy cimoaied with well marked fiftis of 
peiisgra. Tbw was psfior of the viscera due to tnsemia. No abnonmlltT 
was seen m tbe langt. bean, bi'er ladne^s or brain. Dense pcnsplcoic sdbesioos 
were foaod, and when tbeac were separated, a largo abacesa was revealed 
contsimog about 8 ounces of greenish toIIow thick lumpy pus which had s 
bad odour Tbe wall of tbe sbsceM was carefuDy ersjnined for amoebse, but 
without tuccesa The pus rtscif was adtured and showed cokmies of mlird 
ofganlsma. Tbe large intestme did not reveal aoythmg m the nrocoaa suggestive 
of amoebusis, Tbe nracosa looked atroptnc. but ihi is a ccmmoc finchog 
advanced peDsgn. Sectioni of the hscesa wail showed an acute, or chrome 
inflammatory reaction of pyogenic type 

SUXDUJtT 

1 Tbe chmCiJ features of pnmary sjdeoic abscess axe described, the 
main oenea being a rapid onset and febrile coarse with pain over tbe ipletnc 
region and a te^cr spiemc masa wUch rapidly enlargea. 
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Fig 1 Distnbution of spleen SI7C in t\\o mti\e Mllngcs 


can only be acquired by repeated infection, it follows that a population which 
acquires its immunity more rapidly than another Ins received a larger number of 
infections earlier TTiat is, infection with and transmission of malaria is more 
intense m Butibum than m Mokerang 

The best measure of malaria transmission is a combination of the study 
of anophehne prevalence and the determination of infection rates Unfor- 
tunately, adult Anopheles punctulatus is difficult to catch in numbers, and in our 
studies only those from Lalapipi have been dissected in number 

It has been demonstrated (Hackett, 1932) that as transmission vanes, the 
relative prevalence of the three species of malaria parasite varies in the following 
manner P falapamm, an intense infection of relatively short duration, 
assumes dominance when transmission is intense As transmission decreases, 
falaparum tends to recede, vivax becomes dominant, and itialanae mcreases 
Companng Butibum and Mokerang Villages, Tables I and II show that in 
Butibum the per cent positives and plasmodimetric indices are considerably 
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how accurately a malana situation can be measured and what minor variations 
can be expected under the same natural conditions 

That some variation may be expected at diflFerent times of the year is 
sho\vn by the surveys on Inonda village, near Dobodura (Table IV ) Of 
course, the extent of this variation depends on the variation m climatic factors 
affecting transmission — chiefly temperature and rainfall At none of the 
localities studied does the temperature vary enough to have any effect on trans- 
mission, so fluctuation in rainfall here is the only factor At Inonda, the smear 
su^eys indicate a higher rate of transnussion in February than in October 
This difference appears m the relationship of falciparum to vtvax (Fig 5), in 

Inonda. 



F 'falciparum 
M* ■m.alart.ae 
V" vivax 
U= unclassified 

Fig 5 Relative prevalence of the three species of malana parasites in two surveys of 
the same village 

per cent positive smears, and m the plasmodimetnc index (Table IV ) 
lie the difference between the two surveys is not great, it is statistically 
significant The difference may be accounted for by the fact that the February 
survey was taken at the height of the wet season, while the October survey 

was taken at the end of the dry season, when mosqmto breeding was at a 
minimum 

These surveys show that hyperendemic malana can be maintained in New 
Ulrica in the absence of “ man made ” breeding places — ^wheel ruts, ditches, 
3u orrow pits — since nearly all of these villages are well away from military 
areas and roads where such breeding places exist 

Methods 

Giemsa-stamed thick smears were examined A slide was not considered 
^egative until an area which included 500 white blood cells had been covered 
p enic examinations were routinely carried out with the subject standing, and 
c results classed as 0-5 according to Hackett’s (1944) recommendations 
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Exception to this was made m the surveys of Untai and Isapeapi, where 
the observer had the patient lie down and did not differentiate between spleens 
palpable on respiration and those reaching as far as half-way to the umbilicus 

Summary 

1 The hyperendemicity of malana m New Guinea has been determined 
by parasite and spleen surveys In one village transmission was so intense 
that the maximum inadence of palpable spleens was found in the 0-2 year 
age group Older children had sufficient immimity to cause the percentage 
of palpable spleens to decrease 

2 The importance of classifying the results according to age groups is 
emphasized by a comparison of two villages The village with a spleen rate 
of 68 per cent in children actually had more malana than did the village with 
a rate of 94 per cent 

3 Combined parasite and spleen surveys earned out simultaneously on 
two similarly situated villages gave almost identical results Thus a properly 
done survey can be a very accurate measure of the amount of malana present 
and of current transmission 

4 The plasmodimetnc index which measures the parasite load of a 
population IS a useful adjunct to the standard survey 

5 Seasonal vanation in transmission was demonstrated m one locality 
It was apparently connected with the ramfall 

6 Since hyperendemic malaria is maintained without the addition of 
artificially created breeding places m all coastal villages, it is important to pay 
attention to natural breeding places as well as to those created by military 
occupation 
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DDT SPRAYING INSIDE HOUSES AS A MEANS OF 
MALARIA CONTROL IN NEW GUINEA 

BY 

F B BANG, Major, M C , A U S , 
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JOHN MAIER, Major, M C , AU S , 

AND 

F H S ROBERTS, Major, A A M C • 


The killing of adult anophelines as a means of control of malana has long 
been in use the world over LePrince (1916) first used it extensively against 
Anopheles albt7nanus during the construction of the Panama Canal He later 
recommended it in the control of A quadnmacidatus in the southern Umted 
States (1926) With the de\elopment of pyrethrum solutions in kerosene for 
sprajing, the destruction of adults has been routinely earned out in many 
places A summary of this uork is presented by Jobbins (1941) Controlled 
experiments in India by Russell and Knife (1^3) dunng four seasons of 
transmission demonstrated that there u-as a marked reduction in the amount 

• \Vc are greath indebted to the Australian New Guinea Administrate e Unit 
(A N G A U ) for making this study possible and for furnishing transportation To Major 
Thomson, Captain Ross, and Mr Ed Hicks of that organijiation we are particularly 
grateful for their constant help 

Major A M Har\'e\ , M C , A U S , assisted in the organization of the study and 
was a member of the unit dunng the first part of the stud> 
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of mflkru tliroinh tiie dcftructwo of mo^qiutoo ■borlJj *ft«- they hid fed 
on gimctocyte ofricf* 

TTie uitroducdoQ of DDT •pniy* which here ■ reddxuJ effect of ic v ei i i 
month* or more ehmoute* the hecoiiity of weekly ipriying. It doe» not *her 
the £»ct that the ro cc e ** of imide apnyinc i* dependent upon the hiinU of the 
p»rtial»r toopbdme reapomiUc for the trunmiauon of maUna in a giren 
fdact Rendual DDT c*n only reduce the number of infected moaqmtoe* if 
they real on the aprared wtlla athcr jott before or after feed ng on the 
gtmetocyte omcr 

Doth A pmjKtvIaha pmetuUoa and A,p wohanreanr uauaQy spend the day 
resting in some cool mom area away from hoaie*. Tbia might be expected 
since aumral in the labontory ts greatcit when the adolt* are Vept in Tery mewt 
aummnding*. How e ver adujta hare been taken reating on the walit of mrtire 
bense* during the day m auch widely aeparxted locahties as Caima, Amtraha 
I^lapipi in Papua Nadxab Salatoxua and the Admiralty Islands of 
Aostnlan Mandated New Guinea. Of eipn] ngnihcancc are scattered observa- 
tions In Australia and New Guinea that unfed females will frequently rest on 
the wiHa or furtUrnre of a house, or the ndea c£ tents at night b^ore feeding. 
They may remain cm the same spot for over an hour in either dark or lighted 
places It is dear that a larfe proportion of those asopheCno whleh feed on 
the gametocyte carrien at night wWd be aobject to die action of DDT 

Data on the use of residual aprap in the control of malaria hare been 
Gmited to the direct effect on the meaqtato popnltdons. redoetum «f 
Dalana by this method b the Auatralatian re^on his not been determiDed. 
This paper reports studiei on the changes id the amount of malana foQowiAg 
DDT iprsytng of the bouses of a oatiTe rfflsge with aunoltancooi atudiei on 
an untreit^ rilltge. For this purpose the nllsgea of Motu Motu I (Untai) 
and Motu Motu 2 (laapcapi), on the toulhem coast of Papua, were selected. 
They are about 150 mO^ weat of Port Moresby 

Tlve presence of great numbers of A. pdarta/sfas ■ofa er s aii r was first 
disco Tcred by AT Hri TCcr st nearby Lalapapj n June, IDU (Uopobhahed 
obaemtions.) The many enlarged spleens in the children, and the aiinilanty 
of the two Tillages m location also made thn sa ideal place for a controlled 
atndy 

The two Tillages are shout 2 milca apart on a coastal strip which has been 
broksi off from tl« mainland by the meandering coonc ot the L a ke kama 
nrer They are comparable in erery way except die Motu Motu I (the 
treated Tillage) bong twice as large as Mod Motu 2 (untreated). The coaitil 

AI t4 d>cw o^Merratloa or raoonte wtrt etdwr mid« or mnflrr— r1 hj on* or 
MBWt ai of tiw ■iii«e>T*. Amona dw e ntcru o V w^ wbo fin* mad* «Kb ab*«TT«u** **• 

H. Bwwk. a. AL DotAinaox O. H. Gwoaw. ^L B Fraoiwcrr 8. E- Ssmni 
«d Captain Atmiaro'*. A.AALC. 
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part of the island consists of a flat sandbar only a few feet above sea level over- 
growTi with grass, scrub, and coconut palms The inland border adjoining the 
nvcr is covered with nipa and sago palm swamp This SAvamp also extends 
for many miles inland and along the coast, and presumably provides an excellent 
breeding ground for Ap molticcensis and A siibpictus which were present at 
all times 

The native thatch houses are built on piles 6 to 8 feet above the ground, 
which IS kept clear of all vegetation except for a few trees The floors are 
made of rough hewn planks laid loosely together, while the tvalls are of woven 
palm leaf, thatch or bamboo strips Adult anophelines may be taken in 
numbers underneath the houses throughout the night The natives spend most 
of the night sleeping on the floors above Thus we might expect a large 
measure of control to be brought about by the destruction of adults entenng 
the houses at night, although incidental infections may be acquired by sleeping 
in gardens and by nocturnal visits between villages 

The transmission of malaria m a given place is related to the number 
of anophelines present and the proportion infected As later figures show , 
A p molttcccnsis and A subptetus were extremely prevalent, but the mosquito 
infection rates are the lowest reported in New Guinea Atherton thought 
tint this was due to a shorter life in the anophelines here, and later observers 
thought It due to strong south-east winds However, the mosquito infection 
rate was still low' in January’, 1945, when the sea breeze w'as minimal Thus 
the results summarized in Table I arc unexplained The extreme prevalence 
of anophelines in this area maintains the hyperendemicity of malaria 


Table I 

DI'SECTIONij OF ANOniELINES IN AND NaWR ULLAGES OF MOTU MOTU I ANTI 2 



AnopheJn puncUUattu moluccmm 


Anopheles subptetus 


Time 

S'ili\'an 

plands 

Stomnehs 

SaUvarv phnds 

Stomachs 


No 

0 

/o 

i No ] 

o 

/O 

■ No 

o 

No 

O/ 



Poc 

' dis- 1 

Pos 

1 dis- 

Poa 

dis- 

Pos 


aceted 


1 'cctcd 1 


' aected 


reeled 


Nept 1!U3 



1 1 






Oct 1P13 

son 

0-0 

500 ' 

i 2 

1 




{\TUmTOs) 



} 






*^cpt IPU 

1 73- 

0 0(1 

1 ooo , 

0 0 

203 

0 0 


0 3 

Jan I'll a 

2S7 

0 0f> 


2 1 

224 

0 n 

47 

0 0 

Total 


0 01 

1 ros j 

0 5 

■1S7 

■ r 

0 0 

24- 

0 4 



CoOTUuKJx or Two Viuaca. 

We had found fn pfenom malana •urrcyi in New Guuact that eaicful 
(picen meatumncnts and thick tmear cxaminatiooi would, when 
into tft groopa, give an ac ciir atc diffcfcntiation of the ttnoont of malana m any 
particular commmutj eren though all of the riUagca itudicd had been hyper 
endemic (HADdTTtxt BAtro Maiei, 1&47). Bccaoae of the eieenent cenaia taken 
by A-N Gjk.U (Auslnhan New Qoinca Admmutratire Unit) we were able 
to examutc almost mry mhafahant of Motn Motn 1 and 2 and mamtam a 
complete record of the age, aex and dweUiog of each indiriduaL 

'Hie reaulta of thn rorrer lodlcaicd that the two vElagts had tpprerti 
matdy the tame amoaot of maUna both had a low moaquito infeetton rate 
and an equally high prtrralence cif adult anophcfinea.* 

ApnJCATios or dot 

AQ of the 126 houaek in hfoQi Motu I were aprayed on 8th or 9th S eptem ber 
1944 Only the interior of the bouaea wxa treated, the tpray bemg applied to 
wfvlb, parutmna, and the adjoining edge of the Qoor and Some boma 
had Tcry krw wafla in which caae part of the roof w»i also sprayed, TTie DDT 
area dia^red ca keroaene to make a 4 per cent, seiemon, ai^ tUa was applied 
in ^ &>« nmt by a hand oper«t«d bupaack i pr ay e r at an esdoated rate of 
100 mg DDT per aquare foot 


RntrtT* 

Before deciding the effect of the DDT spraying, h was important to 
determine what happened in the untreated iilJage, and in the general lur 
roundioga. During the 4 montha mtemmmg between the expenroeflt and tbe 
follow up study strong south-east winds died dewm ind in Jsnuary tbe 
occasion^ ahgM breexe came from the land. Adolt mopbdinea were tgam 
plentjfui It a poscibJe that the change m the wmd allowed tbe moaqnitoea 

The areicwT of rnalarU was metsarad aaordina to cfaa pbsmodiaietnc iodne pro- 
posed br PAaaoT CUzakh and AunALtr {I(MO) as means of in e awn - int tfaa hMMhf 
of tbe oktototm by senafadEtf them mm ea eau^onea. W hera tibfmn)7 sepajafad oar 
pansrtc eoucti per 900 W3.C hsCo ifasae catego r i es as tofloa — 


Catefory 

PsebsIm/TQQ W3.C 

1 

1 i 

X 


9 

10-19 


»-<9 

5 

90-H9 

6 

iSOand orer 


The plwnwtanattic feder reptemets tba rtatari eswiocy of tba pi^tiwa M auy *r«P 
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■while the second observer found spleens about 50 per cent larger m January in 
Motu Motu 2, the untreated \nllage 

In previous reports i\e have indicated that when transmission is reduced 
the percentage of falciparum infections decreases This would not occur within 
4 months m a- native population which is not on atebnn suppression, for uncon- 
trolled falciparum malana continues to relapse for as long as 4 months 

The plasmodimetnc index is a numerical expression of the parasite load 
present in the blood of positive individuals (See footnote, page 812 ) Since 
the number of circulating parasites in the blood is dependent on the activity 
of the reticulo-endothehd system, the plasmodimetnc index is a particularly 
good measure of the increasing immunity conferred by repeated attacks This 
immunity is little changed m 4 months, and thus no change is to be expected 
in the plasmodimetnc index of the two Aillages within this penod of time 
None was found (Compare Tables IX and XI ) 

. Mosquito Studies 

If the apphcation of DDT w'as still effective at 4 months, there should be 
fewer mosquitoes found in houses of the cvpenmental village in the afternoon 
when they would have been on the walls longest Table III presents the 
results of collections on the same days in Motu Motu 1 and Motu Motu 2, 
and in two villages to the east and to the west of the areas studied Each house 
was searched by two observers working together, catching all anophelines 


Table III 

HOUSE COLLECTIONS IN FOUR VlLLAOES 


Lalapipi 

(Untreated) 

Motu Motu 1 
(Treated) 

Motu Motu 2 
(Untreated) 

Kukipi 

(Untreated) 

No 

of 

houses 

Number of 
Anophelines 

No 

of 

houses 

Number of 
Anophelmea 


Number of 
Anophelmea 

No 

of 

houses 

Number of 
Anophelmea 

Total 

Per 

house 


Per 

house 

Total 

Per 

house 

Total 

Per 

house 




2 


6 










6 

1 

0 2 










10 


20 

4 

■ 1 

17 6 









0 6 

4 

He II 










1 7 




4 

6B 

17 

3 

145 





4 

101 

26 0 




3 

146 


23 

37 

1 7 

12 

291 

24 2 

4 

68 

17 
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foimd m the comers ind enmues. F^cqocatlj' the sDopbetbes vnxld be 
ferand rexti(tg on aetbeawe jus, oo pflet o£ dotfajog, bom or other objects 
vEkE bsd not bccQ sprsjed the fins time. Despite thk to escape the 

effect of DDT then tras s marked reducuoo m the oiimbcr found m booses 
of Motu Mota 1 the treated THlsge. 

It was thought that a dlff^ence ia br eeding b e t uce n the two riUtgcs mif hi 
s cco un t for this efiffmnee. Although the breeding w^s not located other io, 
Of around the rOIagea, m difference in the temm or arailablc breeding placet 
srss obserred. It ta tsnHkdj that of tfao four villages under Idenhcal coedi 
UoDS this one would have a decreased asDOunt of bretsfiog Tha was further 
indicated bj sunulcaneotn oolkcCiooa of adults at night under the bouses of 
the two Tillages. *nie two collectors changed pests to cbnunate the p en ona l 
factor A (Terence dgiuficaat onJf of chanM rarlauoo was ficmnii (See 
Table n ) 

To aummarue the effect of the DDT while the uncootioQed village 
had a significant incieaae in the parasite rate m sU age gimps and an increase 
in apleen ttae, the cxpeninental village had a iSgbtl^r deer c a se d parasite index 
and no true increase in rpleen alae. Thus we conclude that through a taUmg 
of aduh tsopbdoMt ether just before they were to feed on camera or juat 

Tuaa tv 

BuAi cotucTKTW <w txmtjxm KtaWT 
(Bm S(« Mxr«* chBdiw) 



Uo«u Uots 1 

klMmXIoIsS 


fT»sW»«0. 

(UrPtsmfX 

uowajD 

O 

M 

an to ten 

ra 

H 


Tau T 


Eumia CDuacTWKt or McmirvaL 


Hk* 

ceOmtd. 



iiAiiirw* 

Kow walk, 

•> 

12 

IT 

nroM wilW. lov 

« 

U 

•• 

OaroDd cracwk 
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after, the transmission had heen reduced Ths parasite rate was reduced instead 
of increased, and the spleens were kept from increasing in size 

Precipitin Tests on Blood Meals 

The tendency of a given anophehne to feed on man may be measured 
by determimng the percentage of wild caught females which contain human 
blood Both Ap molucceims and A subpictus were collected dunng the day 
as they rested in and around the houses of the untreated village Freshly 
engorged specimens were crushed on a piece of filter paper The blood stams 
were kept dry for several months, but were not always refngerated Antisera 
were prepared against human, dog, pig sera m rabbits by the injection of 1 c c 
of serum subcutaneously The rabbits were bled after 10 days and the titration 
■of the antiserum determined Only those which when diluted one-third 
would produce a ring against a 1/1,000 dilution of the specific serum were used 

t 

Table VI 


NlaHT CATCHES IN MOTU MOTU I 
Relative prevalence of A punctulatus moluccensu and A subptctui 



A puTKtulatus mohtccemis 

A subpictus 

PM 8 40- 9 30 

7 

3 

9 40-10 30 

6 

6 

10 40-11 30 

26 

8 

11 40-12 30 

6 

10 

AM 12 40- 1 30 

4 

11 

1 40- 2 30 

4 

10 

3 40- 3 30 

1 

2 

3 40- 4.80 

1 

6 

4.40- 6 30 

2 

8 

Total 

65 

63 


Ring tests were performed in small tubes made from glass tubing Antisera 
were made only against these three species because they are the predominant 
ammals present in the villages There were no cows or horses 

The results are presented m Table ^TI The data m relation to the resting 
p ace of the mosqmtoes are not presented because no sigmficant difference was 
found in this small senes 

The data confirm the tendency of A subpictus to bite man and demon- 
strate that this speaes is just as anthropophilic, if not more so, than A p moluc- 
ceusts in that area The percentage of anophelines which fed on man has been 
ca ciliated as percentage of total positive instead of total tested because it is 
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thought thtt th« aegitrre remit* ^r«re due almoft entlreljr to poor tpeomca * 
ntber thin to an untmed lOUTce of blood ineal*. Tbc remit* with A. pnct»- 
UtMt molacemu agree hdfly weQ with thoae obtiuied by Hrn>OK (1£^) hem 
the same area. 

Tma VIL 




Ncnfaar poaab* 


1 

1 

PrretM. 

Speck*. 


ipWlI 



poMcrw 
for tatn. 


Do*, i 

Pw. 




A.ti»-»\mumiUtiiaU i 

a 

1 * 1 

*7 

31 

11 + 5-* 

A. itakf 1 

11 

1 ■> 1 

41 

U 

IT + 4 1 


TMta VUL 

wLcc< Mjnir r< nLLMn htoks an tuatwint 



TbeM otpenment* were undertaken with the idea that ualan* tt 
LalifNpi and Motu Motu w« trantmincd entirely by A 

It became apparent dunn g the coorae o{ the work that A. iwirrhH 
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a vector of some importance m other areas, was present in fairly large numbers 
It could be collected ^easily m the houses in all of the villages, freely came to 
bite at'mght within the village and ivas found infected m nature Dissections 
were not extensive enough to determine the relative importance of the two 
anophelmes in the transmission of malana Collection of adults during the 
daytime is not an adequate means of determimng prevalence, for A p moluc- 
censts rests outside much more frequently than does A siibpictus which tyjiically 
frequents houses Collections even within the house have to be done with 
care, for Ap moluccensis tends to rest near the floor much more than does 
A stibptcitis 

Flashlight collections by three people using themselves as bait showed 
that A p moluccensis ivas more frequent dunng the late hours of evening On 
the other hand, A suhpictus came more frequently to bite in the early morning 
hours, so the total for the two species was about the same Thus A suhpictus 
must be accepted as an important vector at Lalapipi and Motu Motu 


Table IX 

PARASITE SURVEYS IN VILLAGES BEFORE DDT TREATMENT 


Age 

group 

No 

of 

•smears 

ex- 

amined 

Parasites 

P vxvax 

P Salcx- 
parum 

P malartae 

Mixed 

infec- 

tions 

Un- 

classified 

PJasmodi- 

metne 

index 

% 

Posi- 

tive 

T* 

B 

D 

G 

D 

G 



Motu Motu 1 , 31st August, 19-14 


Less than 2 

2-6 

6-10 

11-16 

16 and over 

62 

79 

116 

106 

318 


1 

2 

2 

0 

3 

13 

9 

6 

7 

9 

6«* 

2»« 

1 

2 

6 

1 

2 

4 

3 

0 

1 

1 

1 

0 

0 


6 

6 

17 

13 

29 

3 9 

3 0 

2 2 

2 1 

I 8 

69 

62 

40 

32 

22 



■ 

Me 

tu Motu 2 , 4th September, 

1944 



Less than 2 
2-5 

6-10 

11-16 

16 and over 

30 

31 

66 

38 

126 

I 

1 

7 

6 

10 

0 

3 

1 

0 

2 

0 

1 

1 

0 


1 

4 

7 

4 

6 

4 4 

2 8 

3 2 

1 6 

2 0 

60 

64 

43 

26 

14 


• T - Trophozoite G - Gametocyte V = vivax F falcipanan M. =. malanae 
The lymbol •• denotes that one individual with gametocytes was included from mixed mfections 
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DOT inLima 


SUMMAJTT ijn> Coxcumo'o. 

The ipphcttkn cf DDT In kemece to girt a concentratHw of 100 
per aquarc foot on the wiDa of bottaea m a nadir Tillage m Papua, N<nr Guinea 
•^tjced the tranamiaaion of malana iritbm Uua TiUage m a 4-iDooth period 
ta endenced by 

1 The number of A ptmettiUna wtfJwrfniti and A ntptctv foend 
on tba waHa of the treated Tillage im Im than S per cent, of that found In 
neighbouring yill^ca 

2. ^Tiflo the paratite index and aplenic index were Incre aa ed In a neigh- 
bouring uncontrofled TflUgt, tbe panaitc Index waa ibghUy dcoraaed and the 
•plenlc Index remained the tame m the treated Tillage. 

3 TTicre waa no change in tbe amemnt of faldparuni infection or tbe 
paraaite dcnalty of the group hanng potiore amcara, THa u to be expected 
aince untreated faldpirutn malana will cootimje to rtlapae for 4 monthi, and 
aince there wai no endeoee of change of immunity during the 4-roonth period. 


T*«a X 



b>btu3lMa} cm ebdUns He* bars afrer rpnrBa dg»» barf ylpaUa ^ potM 


ta 3toQiM«a 3, wa dcU «ai bora — (ftltcQ oM falpalifc naar paaaiva. 
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It was not possible to determine the effect of spraying on the infection rate 
of the mosquitoes smce this rate was the lowest reported m New Gumea for 
A puncUilaius moluccensu 

A subptctus was present in large numbers, came frequently to feed on 
humans, was found m the houses dunng the daytime, and tvas found infected 


Table XT 


PARASITE SURVEYS IN VILLAGES AFTER DDT TREATMENT 


Age 

group 


Parasites 

of 

smeatB 

P vwax 

P falct- 
porum 

P malana 

Muted 

infec- 

tions 

Un- 

classified 

Plasmodi- 

metnc 

index. 

% 

Post- 

trvc. 

\ 

amined 

r* 

G* 

T 

G 

T 

G 


Mow Mott 

1 (Treated) , January, 1946 

1^3 than 2 

2-5 

O-IO 

11-16 

16 and oier 

60 

76 

97 

83 

246 

16 

17 

15 

9 

12 

6 

8 

2 

1 


1 

I 

■ 

1 

F-fM, 1 
F+V, 1 
F+M, 1 
F-J-V,! 
F-hV,l 

F+M, I 
F+V,l 

4 

8 

10 

J 

14 

3 8 

2 8 

27 

1 7 

17 

68 

55 

42 

25 

16 




Mow 

Mow 

2(Unt 

reated’ 

, January, 1945 


Les3 than 2 
2-6 

6-10 

11-16 

1C and over 

133 

34 

68 

46 

131 

17 

9 

10 

8 

18 

6 

4 

4 

1 

4 

6 

7 

6 

3 

3 

0 

1 

1 

I 

3 

2 

2 

3 

2 

1 

F+V, 4 

i 

' i 

2 

1 * 
10 
. 16 

3 8 

2 9 

26 

I 7 

1 C 

91 

74 

46 

49 

32 


Mo„ 1, » w,r. b«„ ^ ^ 


In Mow Mow 2, one child was bom— spleen not palpable 
• T = Trophozoite G = Gametocyte V = ncax 


Smear positwe 

F ^falciparum 


M = malanae 


in nature PrecipiUn tests showed that 17 ner cent nf 

speamens had fed on humans It must then ho a positive 

south coast of Papua " considered a -vector on the 

Since Ap moluccensts has been found r installations is confirmed 

und restmg m tents, spraying the inside 
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of tenta t« aUo lodn:xted, for moat imitna tnaimiHioci in troop* In New Gubn 
eamo from tlie troop* them»dTe« despite the ordered use of atebnn for 
supprettton. 
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DDT AmSPRAY IN MALARIA CONTROL IN EAST AFRICA* 

BY 

D BAGSTER WILSON 

AND 

A G ROBERTSON 


The Problems 

Of the speaes of predominant importance in tlie transmission of malaria 
in tropical Afnca, Anopheles funestus is in our expenence comparatively easy 
to control, for us breeding places are localized and may be rendered unsuit- 
able to this species by lan'icidal or other measures A ganibiae, on the other 
hand, is ubiquitous in its breeding places, and these may change almost from 
day to day As a result even the most careful larvicidal programme backed 
by necessary drainage may, in bad areas, leave a considerable residuum of this 
- species, enough in fact to- cause a high malarial rate But this partial failure 
of control is confined m most places to the periods of high and continuous 
rainfall, nhen gambiae breeding may occur almost anywhere 

Secondly, these ti\o species may breed prolifically in swampy areas which 
may be so large or inaccessible that high capital expenditure is required to 
make them amenable to ground larvicidal measures 

Thirdly, the range of flight of funestus is knoivn to be of up to 4 5 miles 
(Adams, 1940), and of gambiae up to 3 mtles (de Meillon, 1937) How 
these flight ranges may affect practical malaria control is undetermined The 
radius of a military control at Dar-es-Salaam had been extended to nearly 
2 miles, and it was uncertain how far the residual anopheline population was 
attributable to the missing of breeding places within this area, and how far 
to an insufficient radius of control 

• This paper is published with the permission of the D D M S , East Afnca 
Command Acknowledgment is made of the assistance in practice and in many discussions 
of Fit /Lieut G A Beck, RAF, and to the officers and men of 1345 Flight, RAF, 
without whose interest and co-operation so much less would have been achieved We 
are also much indebted to Mr V A Beckley, of the Scott Agncultural Laboratones, 
for chemical estimations invoked, and for others to Captain R L Hartles, R A M C 
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Fotrrthlf both *pcae» tpcnd • large pn>ponuw of thar life within hmaa. 
and It tt xmpitkbable that an ainprar ca n p oicd of brje parricki vouU reach 
the aduin of these ipeoe*. On the other band it might be expected that an 
antl-adait meanirc such ai hooie ImpirgnaDoa nould be the cunt profitable 
Ime of attack bm regular and cfBoeni Impr^naDon of a large oihan area b 
not a praencahJe imdmaklng 

The alraprajing here recorded waa planned in relatioo to the f o i egoing 
fotir mata probiema merlrablj other queadona obtruded themaelrca frotn 
mne to dmc. and thev are to aome extent dbcuaacd. 

The general eff ecU T tac ti of DOT alrapraj aa a latrtode tjalnat other 
moaqoho apedea waa already cwablfahed bcloTt the pitaect obaerratkma artre 
u n d er raken, but die coemdendoDa mmmaiixcd abm ae em e d to offer tome 
appUcadaaa of airrpray of pardculai value to condluona in tropical Africa. 

Firttiy a blanlLet treatment, of a whole area Ibble to prorlde the many 
breeding placea of d gamfitae during the raim, might be cip e cied to om 
coroe the great dlfBcuJtaea experienced m obtaining a coropltic cortrage. Apdn, 
there ctxtld be tu doubt that the problem of manrcariblllry aboold eaafly be 
orerewne by attack firoen iIk air The qtjestknj of the raldjia necetory for 
effecrire coorrol ihould cgiBlIy eafOr be am wered by the uae of this method 
proitded tlnptiy were ene al re with a misimuTs of groend preporariocu Tt 
wxi not expeaed ihat moch Tight would be tbronD oo the relariVe 10010 of 
Uml cootrol by air’pray or adult UniDg by bnuae impregnation. 

Puw or Tauta. 

Two aeta of ob w i r a tioti*. Indtwlhig three tenca of wpnipng*, are recorded, 
both of which tcIct to ilraprar pt ogm moea wbwh were Intended to be 
practical antvcoalaiial mcaaorea. An endcarour ha bem made to a»«e*a th e re 
*ptaymga aa accurately as powibfc. by their entomological texolci nnfotro- 
nafclr they could not oc aaaeared m term of malana incidence, at the Serrice 
poputarioni at rhk were taking a u pprr u i e mepecnoe and thh had not been 
the cxre in prcrioin yearv. From amc to tone modificadona of p r ocedure were 
made in ordw to chtadace partreiilir problenu that arore fa the coutae of the 
rriiK and at the end of the control period a number of purel? expcrimenol 
wxriea were flown. 

The fim aeries of obretradona was made at Dar.ea-Salaan] Taaganyttfl. 
between 15th April aiwl 25dj May 1W5 The central area of cuntrol, about 
21 miles In radnn, wu gi ven an weekhr praTiQ|:' Thu aerie' was Intended to 
f tTcal the ImpToremcnt on ground control that might be effected by aujwr 
Imporing altrpray at an a^m i K d doregc <rf IT mg per aqnare metre of pore 
DDT ’nre aecond acnea anw carried not aho at I^r^a-Salaam between 27tb 
Mar and I3rd June con'i'ted of four weeUr praemga 01 ct an cnit0 tooc of 2 
to 4 mnn radius from the centre omitting mon of the central rone 
tpmred The doaaee wa the «me n before, hut this reries wa {nreoded ri> 
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reveal whether a greater radius of control would further decrease the anophe- 
line population at the centre The third series was earned out at Kisumu, 
Kenya, between 14th July and 15th September, and consisted of five weekly 
spraymgs, followed by two sprayings at mtervals of a fortmght mtended to 
show what loss of efiBciency was caused by this longer mterval between spray- 
mgs The general object of this senes was to observe the effect of an mcreased 
dosage of 32 mg per square metre of pure DDT 

Throughout this paper DDT dosage is given as pure DDT m milli- 
grammes per square metre For the convemence of readers a table of the 
rates of appheanon used, m vanous terms, is given below 


Table I 

airspray dosages used 


Spray mixture 

Crude DDT 

Pure DDT 

Concentration 



(69-67 per cent ) 

Mg per 

(ppDDT) 

Imperial quarts 

Impenal gallons 

Oz per acre 

square metre 

per cent. 

per acre 

per square mile 




1 6 

240 

3 9 

17 

4 

2 25 

300 

7 1 

32 

5 


Materials and Methods in Spraying 

The DDT used was of a stated 59 to 67 per cent pp content, and the dosages given 
of “ pure ” DDT are based on the mean of this range of purity The DDT was dissolved 
by heating on water-baths built out of 44-gallon drums, in a proportion of the diesolene 
(AGO) which was then added to a mixture of the remamder of the diesolene and furnace 
oil, giving a final mixture of 50/50 of these two ofls The choice of matenals was deter- 
mined by availabihty, combmed with certain catena of viscosity and specific gravity, 
m order to obtam as close an identity as possible with a mixture of equal parts of diesolene 
and lubncating oil (H D 50) Such a mixture had been used m earlier tnals m Mid-East, 
and the height/wmd tables first used were based on its properties 

The spreading pressure of the mixture was low dunng the first senes of tnals (less 
than 16 dynes), but for the second senes some oleic acid was obtamed, and the addition 
of 0 5 per cent of this increased the spreading pressure to 20 dynes In the third senes 
a locally prepared fatty acid residue was added at the rate of 0 5 per cent , and this 
addition gave a spreading pressure of 16 to 20 djTies or more 

The gross weekly expenditure of spray mixtures corresponded closelj to the calcu- 
lated expenditure based on assumed dosage 

The oil mixture was earned in a 300 gallon bomb-bay tank and was emitted through 
a single 2 5 inch emission pipic fitted wth a circular ventun flume The emission rate 
could not be vaned, and w as about 2 gallons per second ' 

Spraying height wras at first based on wmdspeed and direction, measured on the 
aerodrome from wluch flying w-as taking place, but at Kisumu much more reliance was 
placed on the indications gnen bv generators at the site of spraying These smoke 
^nerators w ere alwaja used to indicate the actual spraying track to be follow ed in the 
first senes at two points 2 miles apart along the track, and in the other two senes at the 
bcpiwng of the track the pilot m that case flying on a fixed beanng The pomts at 
wruch ^nerators were igiuted were determined by actual measurement on the ground 
and so far as possible roads or railwaj-s were chosen for the base hnes Altho"'»N 
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directly on (be Lemu . Tbu n Serica I ad II (ho bdffat vse 310 feet with eras wM 
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The all-important weather conditions for spfaymg techmque arc windspeed and 
direction At Dar-es-Salaam southerlj wnds were remarkably constant, particularlj 
between 8 0 aan and noon, and spraying was therefore confined to the mornings At 
Kisumu wmd direction w as much more i anable, particularly in the mommgs, but between 
2 0 and 6 0 pan the direction was reasonably constant and from the south-west, and 
spraying was accordingly densed so that as many sorties as possible should be flown 
from north-west or south-east durmg the afternoons Comparable surface windspeed 
figures for the two places are given in Table III It will be seen that at Kisumu light 
winds were much less frequent in the afternoons than in the momings, so that windspeed, 
as well as wind direction, was more favourable at that time 

Table III 

SURFACE WINDSPEED FREQUENCIES 


Windspeed 

Dar-es-Salaam 

Kisumu 

9 0am 

2 0 pan 

9 0am 

2 0pm 

1-8 m.p h 

16 

14 

16 

1 

4-7 „ 

30 

22 

20 

22 

8-12 „ 

16 

27 

6 

23 

13-18 „ 

1 

7 

0 

3 


Other meteorological conditions durmg the air-spraying periods are briefly sum- 
marized m Table IV The features to be noted are the progressive reduction in minimum 
temperature throughout the penod of Senes I and II, and the fallmg humidity as the 
rains decreased Conditions m the two places were fairly similar, with the exception 
of afternoon humidity, which was noticeably lower at Kisumu, and of the mimmum 
temperature which was on an average 9’ lower, and at the same time less v anable, than 
at Dar-es-Salaam (Table IV, page 828) 

ENTOMOLOGICAL SAMPLING METHODS 

Owmg to the Service personnel at nsk being given suppressive mepacnne, the means 
of assessment of the effectiveness of these spraymgs was entirely entomological A con- 
siderable number of catching stations was used, some of which were of long standing 
and others chosen at the time of the observations 


ADULT CATCHING STATIONS 

Thrw categones were used in Senes I and II, with a fourth in Senes III They 
were as follows • — 

Senes I 

Elevm Central Stations, wholly within the sprayed zone, and not less than 1 mile 
from its bounMry, except where this abutted on the adjacent municipal control 
fifteen Marginal Stations along the perimeter, but withm the sprayed zone 
Nine Extra Limital Stations, not less than 500 yards outside the boundary of 
the sprayed zone 


Senes II 

Meuen Cmtrcd Stations as for Senes I, but now m the unsprayed central zone 
Isoenty-four Marginal Stations now mcludmg the ongmal extra limital stations 
otx hxtra Limital Stations newly selected to be at least 500 yards outside the 
boundary of the wider sprayed area 








838 


vm Aiwnur n maxavu 


Stna HI 

E^kl CttOrtl Suttmt in ibe oa nM i y^ ontnl sod*. 

SCt St^tima in tl» *p riy *d •«», bet « Jwt 800 ytidi from tu wrtw 

MjnyfcL 

Fk. Extfm Limitti St*timLi oatifde tine ■fjo^ioc perira e te 
Fitt Ahsfrty StMtima Okon ttuD naile widiiQ tbe ootar Ikoft tlM >p c i yt< J 
Mae, tnd y« ao« appj ^ d ibiy g ff cv tw l bj tbe yrouiKi cmirol. A117 dmfw fci dM 
mti^ wa* tfaui b dj ara J to be wbofiy due to tbe a ir ipi iy 


T*to« IV 


FenoifM 

litwa 

item 

RJt 

OODL. 

lUl. 
1490 L. 

Ratafefl 

14.4 

n 3 

Per «e fldwru. 
M 7 

to 

W 

l-fl 

n.4 

713 

»-e 

•0 

M 

117 

UJt 

n -1 

07 

n 

0 

T71 

MJ 

n-o 

M r 

97 

Tt 

I-O 

t.< 

ts 7 

0-1 

tl 

M 

0-07 

A« 

a-t 

o-e 

T* 

01 








ilrta 

7*7 

O'! 

M 

n 

»-«7 








74 7 

0-3 

M 

M 

tun 

I'lMUlipmni 

•C9 

7»< 

M 

M 

(-) 


•7 • 

•0-t 

>1 

0 

1 19 

14.T 

«i 1 

•OS 

•• 

•0 

o-o 

Itl 

a-t 

7W 

tl 

•1 

4-tt 

3&I 


•1-0 

97 

00 

0-99 

At 

•1 7 

•1-7 

•* 

•e 

1-14 

ttt 

•0-7 

M 7 


44 

0-9* 







Um 

«1 % 

>1 9 

•7 

f7 

1-U 








«t 7 

n* 

M 

89 

n-w) 

HES3 

M-4 

n I 

79 

99 

(-) 


Eecb eduli ctitHa we* compoaed «l enwp of Afma beo, tuuallj three in imtaber. 
at I>cr-c»->Salaam, md tool or fire at Kiaoiaa. ch tbe c Ax e ptJ Oo of 6 t« fl—i i np e l 
at K i e unu fei wfaicb Iutct DixnbcT of nmas wn for m u e fa hrkUtt 

eertod br oamkipel nxebenk e earelt an wee cuned out bj Afnao tneltria tmkimu 
mkr dM atmmtin> of RAJbLC. oAccie or NCOj Iwtd aicbii« with teat rubet 
VM TTtH txne VM no* kee than 30 rntouwe, and era a te nd ed bejwi thf* 

to dw uu uj Uj a cf n x eq tri toee to be OUfbl, ibc obfcctire bcicq( to c**ch el 
m ff WTj te-n*. 







n itAOSTEn \MLsos am> \ G noiiniTSON 


829 


Table V 

MCAV LARVAL CATCHES rm 100 DIPS (CEOMETTHC ^tEA^S) 


A\ceL 

cndinp 


Sprajed areas 
Lar\-ac 

/ 


Linsprajed areas 
Larvae 


Anoph- 

rtti 

III and 
IV 

All 

Anoph- 

tln 

All 

Cutex 

All 

hrr-ae 

and 

pupae 

Anoph- 

Art 

III and 
IV 

s-|> 

All 

Cu/rx 

All 

larvae 

and 

pupae 



Series I— 

-Dar-cs-Salnam 

Dosape 1“ mp 




Before 

14 Apr 


22G 

140 

470 

— 

102 

24 



21 .. 

1 — 

48 

30 

02 

— 

124 

r,G 

204 


« 

1 ~ 

i!0 

30 

108 

— 

172 

30 

284 

Sprajinp- 

6 Mav 



■)o 

2fi 

00 

— 

172 

US 

318 

ptnod 











12 „ 

I n 

4 
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S 

8 0 

OS 

12 

94 


If . 

j 0 3 

4 
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10 

4 2 

J oo 

24 

102 


20 

' (1 

28 

10 

r2 

0 0 

lOS 

28 

loo 
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Do«ace 17 mp 





2 June 
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UimUL CATCBCn triTtOKL 

Ltn^ tar^tCna ctntiated fa milfcinti Mt nombo of dip* p«T wMt Ixfln. 

Tb* I*TT»9 ««n cwmtKl tad dMit&ed bf slaces «ul tom. In Sene* I •»! II 
dip* wo end* Mid cwmtin* w by toked wjm, ib* brrw b«fa( irtumed » tho w*t*r 
lo Scrio 111 , lOO dip* w«r* m#d«, tad (b* larw tifcm to tb* hbot M tory far <*>«■ «■ 
ind identifietdee of tbe otd*r (taco*. Dipping *m cM ifa d out tme* weddy at Dar^«- 
Sataam, tb* day brfan and 2 day* aftar dM amUy au t a y m f. and «ts to camfa 

tnarkrd patebo fa tb* bmdfaf am* dwian. At KJmiw d^ifinf wai cbttM out ocks 
« ctU^ and at random k Hkely brae di nc water enrr an area of Mj p iuak iMtety 500 •qwre 
yard* for cadf uatkai. TSe maaber ot hrrmj Mattau fa t^ aprayed am* wa* 

&\ fa Sarfai I dfht fa Soni (1, and Hgbt fa Sarie* HI wbfl* in tb* untpnytd area * 
tber* were fnr ftrv and three m p a c t l t cly In tb* treatad lareal amioni frocaul control 
waa dfasonunued far tb* penod of tb* a lttp c ay fa^ 

ElXTtniOLOClCAL RlfaJLT*. 

The high order of rurani Ur\«] mortaLry made the *«uwmfnt of larral 
changa more di£euli than had been anoapared more parttcnlarlj' in tbe 
ctae of tbe AnopheU% The mean treekly peretnage of Sage III and fV 
Urtac were a* fonom 

AnopheDoe Cundne 
EJar-eaSalaim 7 17 

Ktroiau 18 24 

The loner dM^ uaed Id Seriea I and Q. of ! mg per vpare metre gare 
an Iniaa] 60 per cent brnJ kJQ of all ftage^ and do comineDt deoeate renlred 
from further aprayiagt. At thh do^ge tnorcoter the meio aeeklr reductwo 
of po*T4prar on pre-epray caichet aaa oolr about 0 per cent in rpite of the 
labfOfltiil rfae* in aumber of binae that almoM mranably ocojt^ in ebe 
brmalj between fpraying A rere much higher order of IdD wat, hotreicr 
achiered in Serie* ITT at ■ do«ige of 72 mg per tquare metre. In thn Rnei an 
irtiruJ mean catch of 290 r^uced to eight per 100 dip* after the firtt fpray 
ing a reduction of 7' per cent. Thn m naJ reduerkm wa* aucceeded by aome 
fanber decrease eren when aflowaiKe n made for the •eavjtial reducricn thown 
by the un^ptared watwni No •yarematic weeUy prc-»pray catche* were carried 
opt during Serie* ITT, but aome 'ca cbe* that were made in tbe interrab 
ihowrd no rwe in larral number* rompajablc to tbo*e dial occurred in tbe 
other icric* When the tpraring Inter* I wa increased ro two week* f29th 
Aegon and 2nd September) larral omDbcr* between rpearirtf;* did not n«e 
abewe 7 fer cent of thowr In the Dtirprared rea 

Larral control during Sene* I and IT wa thin far from complete, whetet* 
hi Sene* ITT it »a* Tery nearlr complete At ih higbet doiage there wa* a 
ruggcwion of wxne cumulaiiiT effea of the DDT treamteni but otily »hght 
if any evidence of tuch an effect at the lower dosage 

Mean wretly catches of adult ector* are drown m Table \TI and Ttr 
3 and 4 and are rmmnarired to Tabic \Tn These how an even greate r 
fian between Series I and TI on the one hand and Series ITT on the other 
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than do the lanal catches , but it must be emphasized that seasonal changes 
m anophehne prevalence add to the apparent contrast to an extent that is 
not the case in the lar\ai catches 


Table VI 


SUMTvURN OF MEAK LARVAL CATCHES PER 100 DIPS 


1 

Sprajing | 

Spraved area. 

Unsprajed area 

Anophelet 

III and IV 1 

All larvae 
and pupae 

Anophela 

III and IV 

All larvae 
and pupae 

Sma I 

Before spraying 

i 

I 

470 



242 

Spraymg penod 

0 8 1 

55 

4 3 

217 

Sena 11 

Spraymg penod 

0 4 

47 

9 7 

268 

After spraj-mg 

20 

187 

7 0 

288 

Sena III 

Before spraymg 

22 0 

277 

34 9 

242 

Spraymg period 

0 I 

4 

6 3 

154t 

After spraymg 

0 3 

1 

2 

1 

2 1 

36 


There Nvas, hoNsever, an immediate fall in the adult catches folloumg the 
first spraymg m Senes III, N\hereas m both Senes I and II a reduction only 
occurred later and to a less extent than in the former case There Nvas in 
fact an increase both absolutely and relatite to the Extra Limital stations, in 
the Central Stations during &nes I This increase did not occur to any 
appreciable extent m either the Marginal or Extra Limital Stations, and it must 
be assumed that breeding in as to some extent uncontrolled m the central zone 
There Nvas not, however, the seasonal upsurge m the Central Stations that had 
occurred in previous years, as is indicated m Table IX , other results for previ- 
ous years are not shoivn as, owmg to differences in rainfall and the execution 
of certam major ivorks, it is not considered justifiable to draw any more 
definite conclusions from them than those given above Anophehne catches 
remamed at half those of 19+4 for 3 months after the completion of spraying 
The effect of the Senes II spraying is equally indefinite, at least in the 
central area In the Margmal Stations there was some evidence of an effect 
from airspray (in these there was no question of a contributory effect from 
ground control) after 3 weeks spraymg, an impression reinforced by the 
apparent increase after the cessation of airspraying But there was no greate; 
increase in the Marginal than m the Extra Limital catches What littk 
effect there may have been seems to have been chiefly on A funestus Owinj 
to the absence of previous ground control the immediate reduction resultin 
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Fig 1 Larval Catches per 100 Dips 
(GeOmetnc means) 
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Table VIII 

MEAN ADULT VECTOH CATCHES EXPRESSED AS PERCENTAGES OF EXTRA-LIMITAL CATCHES 




Airspray 

Centra] 

Marginal 

Sena I 

Before spraying 


3 

47 


First week 



17 

62 


Spraymg period 



8 

49 

Sena II 

Spraying penod 


7 

42 


After spraying 



4 

44 

Sena III 

Before spraying 

131 

11 

64 


First week 

2 

4 

> 19 


Spraying penod 

4 

3 

16 


After spraving 

24 

3 

39 














D BOOSTER WILSON AND \ G ROBERTSON 


835 


Fig 3 Adult Vectors per Hut 
(S prayings indicated by vertical arroiv's) 
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it 8l'prc»V°Ar”' « P" • “0 ■" Margmal 

Stations did no^t fall to ' fi ^ Mar^nal 

Vaymg led Sre wil '"o 'W'" 

Marginal and Airsurav Snrmn ^ ^ stations, the catches in both 

O-ol’er (see Table VII) 

recovery m anopheline prevalency. ! ^ Apparently, howeter, this 

the central controlled X sZT^ l ^ re invasion of 

hy later catches m the protided 

anopheline catches were less thL 1 succeeding 6 months 

3 years The effect appears to hr"" of *e at erage of the preceding 
Although there is normallv a c ^ greatest against A gambtae 

at this time of year (Ga^Lm I'qSr'T hy fuuestus at Kisumu 

the proportions of these n\o species in ^ difference bemeen 

and reimasion of the treated nr Scoops of catching stations, 

-crease m w. see^sThar wVere/ ^ 

The intended pm^'' T Airsprav Used 

ci'sciisscd vasagamstTanae - the sprayings here 

p.chcsc,„c*,,,,4 J" bowser .he mp.dTlI ,„ ,d..l 

’^"1. »c,.o„ .g™,. .,.,o,.o;K\'hrir::.™ r«r:o 




DOT 4m ni\r m mu-uu4 


nidi cmer it h Dece*<*ry to malf alkTHAoct far the* ricminidei of windtpced 
and dircaion. The nrunon In thcac faciorj will iDentaWy lead unlo* ■ 
conectjon be nude to patebe* (if uoderdovage although a \cry confum wtod 
0 Ujr reduce the need for correctioD to auch an extent that It may be Ignoced. 

\aTiirian in ground dotage anribuiable to change* in wmd coniitkra 
rtceiicd more artendoa at KWimu, wbert thi lanatKTn wa* particulariy 
endent. It wai not pomUe to male regular e^rimatioo throughout the tpny 
mg4 to that tuffioem data to meal the extent and frequency of toch lari^ 
ikmi could not be obtained. But totne aonoc of thnr range wat gneo by 
the rmraanom earned out and dioan in Tabic \I Theae r eprese n t the 
raulci of chemical e^timaoom of tenet of ppert put down at Interval aciw 
tao or three merlapplng t«athe*« 6<»iin at the imial 200 Yard intcrrali, SimilaT 
rariarioo wia more often obvirc d \uually cai the te*T paper* regularly laid 
down It a m be teen that the nuaamtiitv and minteura do^ge* acroaliy 
aampled cheratadly were 74 mg and 14 rog/»q metre retpenncly Alknr 
mg for ah espenmenial error (which tnu^ necrtwily he great), it it erWem 
alv) that the difference* m a nogle awaihe are commonly at great a tlwa: 
between different mathr* On dW other hand leadr wind cooditlon acre 
neee m nly chosen for ^och tpetaal tcm. 

Vanadeot b ground dosage at any gi eo d uance from the >pny trade 
of tht amraft frequently ari«e from the ariability of the »h>A Thh 
eariabiliry may be d trW nto two categone* f mhkh the 6rTt h »biH 
turbulence p roper Tht^ eaa«C' onle Umrted local effect and u tmpredtctable 
recepT m «o far a condiiMm generaDr £a ouraWc for the produalon of con- 
renoD rurrem may he foTr<ee*» m pramet t mrr nroikT praying quite 
ineffecn c The »ecOTvl caregorr u that of changes in windipccrl and d rectioo 
thew profoundly affect not only the di«tmnce doa nmd at which the wathe 
will ffart to reach the ground hot tiro width they can he aJlowed for 
according to the accuracr with which wind meajurement can. under the 
drcurartancc^. he made The dfcct of unpretbaed wind changes can be recn 
m Table XI br the larriog point of commencemem of Swathe II B t there 
w a furtf^ Tirtadon in ea^ »waibe that i more coonant than the nnatKitw 
doe to wind conditwn ft i more deariv hown m TtWe XI nd n apparently 
hi*«parable from ihe practical dlwribut on f an tir^prae Di^pcinl f the 
pray which i Olimrated m Fig 5 t* dependent upon the differing rate* of 
fall of arymg nwd dropletv and the do«gt p cn by the miaB number of 
large dropi falling at ^ay 100 rard from the aircraft rrack can vldom If 
cter be the utme at that p eo br the larger number of malVer drofo falbng 
100 yard farther downwind Ou oh4enauoo of the dosage ptiem too*' 
the awatbe uvd. bowed a nre arro^ the fir*T W yard to a maxirotnn in the 
•ecood SO yard! and a gradual dcrlme In the bn 100 yanh 

The beight/wlnd pnxlaa of coar*e determines the width of the twatbe 
tod p cn fixed imcrtal between wathe*, the tnKrutit of oterbp from 
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Fig 5 Droplet Distribution of Airspran across Three Successive Swathes 



swathe to swathe All the pairs of swathes to which Table XI refers were 
flown at intert'als of 200 yards It was found that an overlap of at least 100 
yards was obtained in most cases, and observations on the test papers have 
shown some spray falling over 360 yards downwind from the upwind edge 
of the swathe 

This important question of height and wmdspeed is outside the province 
of the present writers, as m fact is most of this section of our discussion, but 
It has been necessary to enter into these matters as they are integral to the all 
important questions of dosage 

Effect or Shade on the Penftration of Sprat 
There are two w'ays in which vegetation may interfere with tlie larvicidal 
action of airspray First by preventing the spray from reaching the water 
surface, and second by preventing the comparatively small surface dosage of 
oil from spreading to all parts of the breeding area 

The second of these factors seems to be of comparatively small practical 
importance The addition of oleic acid to tire spray mixture during the second 
senes of sprayings did not effect any apparent improvement in larval kill (see 
the period 2nd to 23rd June, Fig 1, on page 833) Moreover, a series of tnals by 
hand spraying, on pools w’lth a moderate growth of grass up to 1 foot m height 
failed to show any improvement when mixed fatty acids (obtamed from the 
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Fig 10 Type III Shade, General View 
Sedges and papyrus of varying height up to 8 to 10 feet 

The practical iraphcauon of these findings is that more than double the 
amount of DDT necessary on the water surface may have to be distributed 
from the air A commonly accepted mmimum dosage of pure DDT per square 
metre is 10 mg , and the dosage distributed in our first two series of trials 
was 17 mg one possible explanation is thus provided for the relative ineffec- 
tiveness of larvicidal action in these tnals 

A further conclusion that may be drawn is that it should be possible, and 
IS desirable, to regulate the rate of emission to the prevailing vegetational 
type found m the area over which airspraymg is being undertaken 

Dosage 

There can be no doubt that the first of the two dosages used was too 
low, and it has seemed to us probable that the second was higher than 
necessary It is unfortunate that, m order to increase the DDT dosage to the 
extent desired, it was unavoidable that the amount of oil carrier should also 
be increased It is accordingly impossible to do more than express an opmion 
as to the relative importance of DDT alone, or of total airspray mixture, m 
accounting for the differences observed 
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Tbe cuiMidcTitioiii sljtadj dbcmcd, uflder the be»dmn of pcnetntioP 
•od dunctrmiici of the nrithe. »re thcxe that nivm dctennloe the *dcqa»cT 
of do* 3 ge o\CT ifld iborc the miDimom rajaired on open w*ter aod under 
|A>«> aJodWotu It remim* to relate tboc coimdcnitiom to aouaJ qmothfo 
required m the field. 
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' On account of the density of vegetation that IS likely to 
atound typical . tf L Zh"! 

that occurs on uic g reauired in open water, then at least 

20 ”^ 25 ^ 111 ^ 1 ^^^ square mette is necessar)' for average grass cover^, and even 
Ir^ l^thirwSn breeding places a^? hkely to be sheltered by a heavy 

'"^^^riLor variations in spray distribution that are due to wind t^ulence 
may have to be accepted as an unavoidable lirmtaUon on *e 
the vanation that is found across the width of a normal swathe must he con 
sidered m determmmg dosage If the downwmd half of a swat e e acc p 
as the measure of what may be counted upon to reach t e ^ An t 

apparent from Table XI that the average amount released should be 4U to 0 
per cent greater than the required minimum dosage at every pomh 
apparent that the more swathes can be overlapped the more fully can t is type 


of variation be corrected 

Taking all these considerations together, it seems that, for the con 
under which the present sprayings were earned out, a dosage of the order o 
at least 25 to 30 mg per square metre is required This conclusion is supporte 
by what occurred during the actual course of the trials 

It is to be noted that the observed differences, on which this conclusion 
is based, are m quantities of DDT and not of total spray mixture We 
not been able to make an opportunity of correlating any failure of larvicidal 
action with deficiencies either of DDT or of spray mixture alone, and the 
practical requirement should quite possibly be expressed m terms of total 
spray ^rather than of its DDT content On the other hand some later senes 
of sprayings, not here recorded, at the same dosage of spray mixture as in Senes 
III but with a lower concentration of DDT, giving 22 mg DDT per square 
metre, quite failed to show the dramatic results observed at Kisumu Owing 
to tbe vagaries of wind direcnon and nirbulence, great difficulties were expen- 
enced m obtaining even coverage during these sprayings, but a justifiable 
intenm conclusion that may be drawn from this experience seems to be that 
1 pracncal minimum amount of DDT that should be put down is more than 
22 mg per square metre 


Radius of Appiication 

The area covered by both ground and air control at Dar es-Salaam was 
greater than is commonly supposed to be necessary for an effective anophelme 
control On one side it was flanked by the mumapal control area, and m 
all other directions it extended to a radius of 2 miles, m some parts to 24 
miles from the protected camp 
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In tplte of thu comrol there reoulned in 194J »od 19+4 In the nunoB 
TMieof 1 mile r»diuii.mcin idult botue atch of three to four %cctcm fcr hoc^ 
at the peak perkuL ThU figure doc* iwt of courie aioount to more than 
about half of the total recton in a houv aa it na* obtained hj hand catchmg 

From vanoia cowlderaDoo^ in pamcuUr that of the catche* In the 
Marginal Stariooa throughout the nhole penod we are of the opinion that 
the remit of the alrapraTing wa erjuiralrat to an atldlucnal w^Iy cIIiDg 
applicatKO by hand. The remit waa to reduce the catdia In the faunoat rone 
to a mean of lea* than one (072) per home during ilw peak of IW5 Although 
1945 wa* ai a abole a len farouirable year for anopheHne breeduJg than the 
prrrioua year we coodude that breeding places h«l been and were mil at 
the thne of the aiiaprayiog. miwcd by tire ground control. To thh extent 
the ohremtlom girc auppon to the notroo that ampray may be a better 
method than grourid control fai dcalmg with A gmbuK In open country 

Reference to Tahiei VTI and \^l and Fig 3 ahowt that no Improve 
mcni on these Itmer aooe catchca »aa effected by the extemioo of the rsdiew 
of air control to nearly 4 mile*, for the rano* between Central and Extra 
lijQital catdte* daring the two *ene* of fpraytagi were rtapectiTely 7 8 and 
7 Z. Thu gt\ci further ixtppon to the eoneiimc* that aome biwdtog wa* being 
inured by the ground control Eren ibougb the larnddal effect of the air 
spray «as hcotnplete. rt further reduced anophelme mfestadoo when the 
htner zone wu em ete d btrt it did not rednee It apprraablT further when 
many more tarrae orer t moch wider area were being killed It reenu }uttlfl 
able to conclude (berefore, that the rearem f r beffenuenew in the control of 
these two tpeoe* U to be sought rather to the mhung of breeding withb the 
control thim in the insderpacr of the area covered, if thi extcrxlt to a 2 
tnOe radna. 

Pouilre cndcncc for thi* law rnocloaicn > giren by the third serle* of 
jpraTingi The villages represented by the airrpray catchuig sanoos were 
wboDy surrounded by a rone of anrsprar TTou rone wai nearly If 
miles aide in all direcOoftt except that cf the open Lake Vktoria. 
The initial 98 per cent redoctioo m adults which tvai fully mabtilned over a 
periai. teani to give a dear enough indicsnoQ that thh radha of conrroL 
when larrsl kill wm complew gave an efficieocy as great as that of the much 
wider radius of control at Dar-es-Salaam 

Reference to Table VTIl shows that the ratio of Airipriy to Extra-LimltaJ 
aitcbcs was 3 per cmi. m the th rd series, a compered with 7 per cent, between 
the Central and Extra-Lamiral caicbrv in the second series bet there trill 
remained an average anoptrelinc catch of 03 jret hot in the alnpraT icee. 
The numbers actually caught jwohablT up r e rented a rtlarivtiy greater acroal 
hocre population at Kmimu than cm the cnart chiefly t*i aertamt of the 
dUferent trrre of houre cornmicncM. and the conret^oem greater ddficulry b 
hand catchbg raowpijtoc^ lo spite of the e^irtenr high fBdency achieved 
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rapidly and simply by this method of control, there was still therefore no 

complete elimination of Anopheles even at Kisumu 

With all due care to avoid unjusufiable dogmatism, it is possible 
basis of the expenences in these two widely differing places to form some con- 
clusion as to the necessary radius for practical con«ol of these wo 
Afncan Anopheles The minimum radius should be between U and 2 miles 
if the maximum effect is to be'achieted it does not appear to be necessary 
to extend control further than this 


Effect on Crops and Fish 

It’was not possible, during the course of these trials, to make any detailed 
observations on the effect of the spray on crops, and at Kisumu ini et 
crop had already set before spraymg commenced Considerable areas of rice 
were sprayed at Dar-es-Salaam, but no harmful effect was observed here, nor 
were any such effects commented upon by the cultivators 

Some much fuller observations were made on fish mortality at Kisumu 
by Dr V D Van Someren These may be summarized as follows Although 
no effect on fish, and only a shght effect on plankton, could be found follow- 
ing a single spraymg at a dosage of 32 mg per square metre, there was an un- 
doubted mortality among inshore fish in a limited area, follotving seven spray- 
ings The area affected was on the lee shore of the lake, and it must be assumed 
that an accumulation of spray was likely to occur here There was, m addition 
to the mortahty in fish (mamly Haplochromts sp and Ttlapia vanabihs), a 
great reduction m most aquatic msects In a swamp area covered by these 
sprayings, there was no apparent fish mortality, but there was a reduction of 
some groups of insects, particularly dipterous fly larv'ae and mayfly nymphs 
In both areas no apparent effect was observed on snails and leeches, and 
dragonfly nymphs appeared to be little affected It was concluded that although 
fish might be killed at this do'sage, by some means as yet undetermined, it 
was unlikely that spraying over a limited area of open lake would have any 
appreciable effect on fishenes as a whole 


General Conclusions 

There are many gaps in the foregoing sets of observations, and it may 
well be considered Aat any assessment ba^ed on them, of this comparatively 
new method, is both premature and unjustified Since, however, it is a method 
which opens up a number of new possibilities in the control of malaria, some 
such assessment in relation to Afncan Anopheles has seemed to us to be 
desirable now, even if m the upshot some of the conclusions drawn prove to 
be erroneous 

* Reproduced with the permission of the Director of Veterinary Services, Kenya 
Colony 
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1 The di'cmcry of ibe m<<aKidal nlue of DDT h»j mule powiWe for 
the fim time the appharkm fat compeuatitely imaQ qtanllry of k mo'qnito 
Untddt, moremer the oil amer bt ^fuch ft may ht dbtriboted b com- 
parau»c^ carily coatronabtc In turn antprayinj; mike» the control of 
m*cci;*tiblc hrttdmg placea poriiblc thongh rt doa no* it the piwm prkt 
of DDT inpcar to be ui ccoootnic alfematiTe to kmodal groaod control 
nhen that a powible and crjuallj effcctire. 

2 InaccrWbfhty to ground cooirol nuiy irbc frotii two aiu»cj enber the 
eiijtcncc of *omc impa^ible harrier imiaJly water or the breadth of breed- 
ing area to be corered Tha latter otmacJc may compel large drainage jcbemc* 
aa a neew^ry prelcmlrtary to effioeot fpraylng frooi the groimd. Of the two 
cao*e» the extent of breeding areat b more likely to lead to economic applka- 
noeu of ainpray for there m linle doobt that under mtnt dmirmtancc*. thli 
method offen an aUenuttive to large capital vocka that h both cbetper 
and at the tame tune more efficient. 

i A further ad%ant*ge of ainpray which roay hare applicatloQ in peace 
ai iQ war b the rpoed with whidi controJ may be crtabllthed* with no 
more prenminary rorrey than a rapid recoonaiMaJice from the air The 
raJae which thli might hare la the of an epidemic b my erideut. 

A The pomhic diwtdruagea of the wideapTtad dbrnlxrthm of DDT 
remaJa to be explored but whOe mrognurog the potenrraJ danger h Jeemt 
to u that thb a at prevnt being exaggented. There b frequently •woe 
ecooanie Ion arblog from the appheanon of tnotoalamJ moi urew» a^ it b 
alwayi neccnary to balance the io*:y» IIlelT to he iaruTTed beomac of anti- 
inalarUl measura agamtt the krvet atmbutable to the malam which they 
are dcilgned to pment Any general tipvt om a wide aiea. of a toolopcal 
equiUbrrum between invcti of economic raloc and tbewe which are ntrtbwn 
•eem to be improhablc ra praakc, owing tothc lirmiation placed on tbe »copc 
of the method by iti con. 

5 With regard to the detail of appbeatwo of ajrrpray there I niH moch 
to leam. In tl^ fint place tbe nature, and datribuTKin In the ewatbe. of the 
drop rpecmnn call for aome means of oierlapplng the Urge and unaJl drop< 
m order to enrurc a mote men dlrtribution f the dotage than we were aWc 
to achicTC. In the metbod vr^ during ihne triaU it wa neerwary cbher f 

E tc an andoly large dotage In aome pan* or to accept an inadequaie do«ge 
otben ^vW cneriipping of »wathe» u dcairablt fturo the flymg 
aa h Inmca to the cate of appUcatjcn. At an e«tahh<hed method, it b 
ohrloudy detiraWe that ai r tp ia r ln g shcwld dot demand too much inhU 
rite on tbe prt of the pD« or proimd party nor dincM it he at tbe merer 
of erery chance gun of wind. For all the^ rcJWM It weim do rabJe that 
lew than an adequate dotage tbould he teleawd In each iwathe. and that 
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swathes should widely overlap On account both of wind variation and of 
the foregoing considerations a form of spray emission controllable by the pilot 
IS also desirable If regular airspraymg of an area were to be carried out, 
It could be greatly facilitated by the cuttmg of permanent base lines obvious 
from the air, and by the erection of some permanent form of beacon for 
each run of the aircraft There is also a need for the simplification of the 
means of preparation of the airspray mixture, for solution by heat in the field 
is a laborious and uncertam method 

6 The foregoing considerations of detail apply m full only to the methods 
actually used by us The same qualification applies to the general conclusion 
at the control effected by the larger dosage of 32 mg per square metre was as 
rnethod of control we have u«ed It is probably more efficient 
t an the standard practice of larvicidal ground control, and from our experi- 
ence It IS almost certam that airspray, used in adequate dosage, would control 
t e intense and widespread seasonal breedmg of species such as A gambtae 


Summary 

p/nnL IS given of the use of DDT airspray agamst Anopheles 

and /imestHj m East Africa ^ B V 

shnii? entomological assessment of the senes of spraymgs earned out 
irnm spraying at a dosage of 32 mg per sq metre of pure DDT gave an 
mediate reduction oi Anopheles of 98 per cent , but that a dosage of 17 mg 

trol meAod^^^*'^ §a''e results that were little better than standard ground con- 

nhisprv effectiveness of these tivo rates of application followed closely the 

adnfi ^ ^ nction, but there w'as an unexplained immediate effect on 

adult anophehne population at the higher dosage 

the CP this w'as not conclusively demonstrated, it is concluded that 

chertS'°l breeding w'as effecuvely, if not completely 

house rlf being based on the slow rate of recovery of vector 

c es, and on comparison with previous years 

these substantial evidence is provided that the radius of control against 

under ° ™ practice be extended, m the fairly typical localities 

nnacr discussion, beyond U to 2 miles 

of Its ™ain applications of airspray arise out of the speed and simplicity 

method! ?i^ practice (granted the necessary famihanty with the 

^ h « 1 C capacity of aircraft to overcome ground inaccessibility 

found for the comparatii ely high dosage showai to be necessary were 

^ 0*00 penetrauon of the ,pray to the water 

attnbutabli ^^o'er, and in the variability of spray distribution 

anations m wandspeed and direction and to wind turbulence 
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8 A further for imcntalnty ia dUirfbution, by the method o»cd, 
ha la the oiturc of the drop wctnim of the rpriy ind tbh am prohaWy 
be orerrome by wide merlipping of twathci at a reduced rate of *pray 
emtuHxa. 

0 It u comrdcred that alr^mying o\er the limited treti to be etnered 
hi practical malaria contro) if cnllVely to catoe any tenous up^t of the 
bjotogtcml balioce of ether fauoa. 
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Tbtrt lave been In recent yean many recording* of 7-dty fever* oi a ctoely 
related cbanctcr In viulcm parti of the world, all ttnmmg ^ght differeiKa 
In aymptomitolofy and dlidcal rign. Some of tbe»e are accepecd by tlur 
reapecti^T author* a* dengoe proper — othen fall into the more genera] daaiH 
fication of Mmaw'i “ Dengue Simdfly group.” Some occurred outnde the 
accepted dengue area* — ^\etl Africa (Fiwdlat 1&13), Ea« Runit (ScmtLTirr, 
1&13), Eait Afriom Iilaodi (hfcCuTTHT I&t3) North Carolina (DakteuI, 
lf43). Earlier recordiDg* Inclode the S-day fever of Vak Dta Schizk in the 
Duti^ Eait Indict (tvow accepted by moat authonUea ta a local vtmnt of 
dengoe), red fever of the Congo, Bwvob* fever of Uganda, and a 7*diy fever 
deactibed by Dnxi u Piouna. It appe a r * that dengue t* really worldwide 
in iu dotiibutran. 

CUKICAt. FlATTim. 

Dengue it an acute Lofecdoot dlieaie, canted by a tpcdfic vitttt, and 
tranamltted by the brte of a nioaqidto. The moaquitoe* ao far incrindnated 
have been A/Ja tK gypt t and A alboptOia The pretence of A. •tfyfii m 
the locality of the recorded cate* baa been ahown in the preterit tenet. Tlic 
motquito, after encUng infected blood, becomet infective in U to U day* 
and remadna *0 for the rett cf Ita hfe. The bioed of the patient b infecdTe 
up to the 3rd or 4th day of the fever and the dbeate b tnnwnlawUe from 
man to man. Dried and frosen eeruffl baa bees uied by Homiot hicrreo 
and SwipEis to trtnandt the (hteste to voluntem injected in Arntterdam, 
2S5 daya after the aerum hid heeo taken in Java. 

The djteate Ii ebanteteraed by a audden oniet with cinHioen after ao 
incubation period of 6 to 9 day* with fever tc v er e frontal or retro-orfatal 
headache, generahxed ache* and paiita, etpcoally in the lumbar and aacnl 
region. The tanperature may be contmuou* with rapid lyva on tbe Stb or 
7lh day or may be charactenxed by a rcmmiaa ah^ the 4th or 5th day 
followed by a aecondary elevation of I to 3 daya. There are often maociated 
mbo — a primary 2nd to 5th day* and a •econdary or terminal ujoaHy on 
tbe U»t Axy of fever often preaeot for only a few hoora, Tbe rt»«t marked 
featurttoftbepebeat outbreak were («) lytnphadenopathy cnd(&) pronooneed 
cough with broochitiv 

awftr 

The cate* were utually charactemed by audden ooiet mtb chilflpcti — no 
ngor* were recorded. The temperature rote to IW F and the patient looked 
and fdl very lU. He complaint of aevere frontal and/or rrtro-orWtal head 
ache. Many ette* compUincd of oedptta] headache, wUch with pain and 
tendenvet* down the back of the neck gave a ttmilar pteture to the neck rigidity 
of meomfiu*. Kenug • tign in auch cases was iBually doubtfuL Lranbsr 
puncture was perfonned in ooc such case and in t aamber of other* outride 
the recorded sener Onset with vondiing and diarrhoea was noted In *oow 
In one ibl* was ac c om pa med by a perrittent right lower abdominal pain 
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wthoul ngiditj or tenderness, which remained continuously until the 7th da^, 
^\hcn the tcnipcniturc fell, and the pam disappeared The diarrhoea and 
somiting in this case had gone bs the end of the 2nd day 

Pams in the bod} are a charactenstic of dengue, and were a prominent 
feature of this senes — lumbo-sacral or sacral A\as the most marked and occurred 
with rcgulant}, and usuall} \Mth great sc\enty , it was often the first thing of 
which the patient complained Pam m one or more joints, or, more usually, 
gcnenlircd aching was combined with backache m many ease? 

Tadle 1 

SYMTTOMATOLOCI ANALYSIS OF -t CASEs 


1 


't Tnp ottiA 


Signs 


Sudden 

13 

Tone 

0 

Oinimeu 

23 

DtoAvs> 

IH 

Headache ocapsiat 

0 

, ConjunctiA-al congestion 

2(1 

frontal or temporal 

14 

Cora-za 

12 

retro^orl'ilal 

IS 

Tongue furred 

20 

riic opSobn 

1C 

tremulous 

3 

Couch 

IG 

Throat congested 

21 

Sputum 

5 

Bronchitis (rhonchi) 

M 

\omuinf: 

* 

Flush 

1C 

Diarrhoea 

S 

Rash pnrrurA 

ft 

Comtipatron 

4 

sccondara 

4 

Pama in tl c hael (aaeril) 

lA 

Spleen palpab'e 

? 

n hml'' 

If. 

Tendemes of mu e’er 

s 

„ pnnLA 

14 

•Glands cnlaiTid posterior Ctra ical 

a , 

» shdomen 

> 

submaxillan 

4 

Generjlircd achcr 

IT 

cpitiXfclilcars 

11 

Ir'eTnii 

14 

axillara 

n 

H 

WraVnrri 

IS 

upper mgumal 

hp it_\n 

3 

femoral 

/T 

/ 

Itchmp 

t 

Head retraction 

Dr'irir'i 

» 

U’ockI pressure (aseraie of 10 cj rs( |(s 
C "s h (one cate) , 

i 

• Jn t vu’uir 

/v-rt j, rftlarpTKn were 

Cl U i-rmn i It fnictt K rrrrc'n'h.rc'! i* r- 
tor nvr 

r li 'o 


^iG' rKoviMNT rrxrm^ 


7 rr f ;»/ - '| In. pnni ua n,--!! ni oda- or n a*, nlo-papj , , 

Uir 2nd d\A onwird — vi-inllA a trice on the 2nd da\ a'i,j 
O' tic O'^d THii Uh dn when it m eh become W'de-'p'’(-' J e ^ ^‘'fleil 
dcArlopmt; o ' thedthdn aa ere 'o profn e th...! piticn ^ wc'cjf t ,, 
e 1 r ‘ f tvphi , tl M u h 'he 1 n ph do op., h\ lerdc 5 lu 3 "^, , ^ P' dile 




Dctacx nr u(«q 


VA 

nueulo-ptpuJtr mb yns htble to be confuted with i prickly heat eruptwo 
oo tbe patient at the tame time. The widctptead macular reah wai eaty to 
rtcognite tt it iprtad OTer tbe cheat and back, abdcimcn armi, Twi>1i and 
Unsha, rarely tbe leg* One cate dcrdoped a mtculo-papular rath on the 
2nd day which became frankly orticanal on the 3rd day hot bad receded 
to macular on the 4th. Two ^nular eatet had been aeen before rK^ 
poatlbUity of these catet belog acluttoaomiasb b\ the ioTasioti stage, the 
Japanese katayama dlteaae waa emertalncd Howcrer they ahowed no 
eoauKiphilia and gare no history of bathing in infected place* and they had tbe 
other characteriatica of dengue few) 

Hie aecoodary riah appeared on tbe latt day of tempecatore In all cases 
m which i( was seen, and faded in 2 or 3 day*. OccanonaHy masritT acarietlnh 
form rathe* bad beoi aem in case* outnde ihii tenet, which ibowed a few 
white Tr»culc* of normal tklo on a scarlet background. The 'oaual rath was 
a oncular one diitribcrted orer the cheat and ba^ antenor thigha and anm. 
Over the Utter the mb tended to be co mp oa td of conBuent macule* ginng 
an irregular eryibemctout area. The maji^ty of casca had neither p r unary 
nor teccndary eruptwtti. The tecoodary m tome csnei wat confined to train 
treat, bilatmJIy on the anterior thJgha and cntr the triccpa area of the amn, 
near the ^bow if the rath wai not looked for in tbeae treat, it ora* easily 
mated. 

frewkUu. ^PracticaQy no mention a made of tHi in the standard text 
book deaenptkra of dengue. It a logical to atxume that tbe intenae congestiea 
of (he mucous (tternbrenea a eridcnced by coojunctmDi and aewe naso- 
pha r y og eal and fauaal congestioa. vnih cory^ symptoms, the marked Sushiog 
a{ tbe face neck and chest in come caaea, would be ahared by a cOoge*tfaio 
of tbe bronchial rnucoua membrane Dry cough, with widespread high-pitched 
rborKhi heard In the lung* wu a feature n many catei, ao moch ao that in 
tbe eariiet part of tbe year such cotea were diiouMed a* acute bfontfaitit, and 
they then procee d ed to run a 7-<ljy few unresponaiTe to tulpbooamJdes- 
The c o ry aa l tymptom were not foOowed by tbe purulent nasal catarrh 
of tbe common cold. 

Tremmhm tomgme — Trernolou* loogue and Dpt with alight duflne** of 
hearing in tn obnootly tenou ly 31 patient are alwap eery auggestire of 
typboa In the Ist week, or typhoid m the 2nd or 3rd wei No other etmunoo 
fever giiei thii picture to cootUntly Scrertl paucnti showed thii, and 
therefore were regarded at possibly typhu* oo admiwion which the appearmeo 
of a rath on the 4tb day lecmed to coofinn. Multiple enlarged lymph-gland* 
were of great value m deternumng tlw actual diagn^t prior to deferretceoce 
or receipt of Uboratory reporta. 

CUndmlsT tMloTgewtrnt — Record* of glandular enl a r g emoit In dengue vary 
between " do mention and 02 per cent. (Smr). Groat epitrochlcar eniaige- 
nwnt tn Europeani » to seldom ao indicauon of drtoie other than tecondtry 
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syphilis and glandular fever that this sign of the disease began to separate 
them as a group, when it was realized that the enlargement was not associated 
with a positive Wassermann reaction Many typical dengue cases have been 
seen dunng the penod without glandular enlargement but it was decided, as 
a first step m the identification of the group, to examine carefully only 
those who showed this feature There is no doubt that dengue in the summer 
was more xprevalent than was generally realized, if those without glandular 
enlargement are included 

The commonest groups of glands (not normally enlarged in the healthy 
individual) were posterior cervical and epitrochlear, and these were therefore 
a useful guide to diagnosis Many had two or three glands grossly enlarged 
m a smgle site, and not necessanly bilaterally A gland might be as large as 
a sparrow’s egg, and tender on palpation in the early stages No glands were 
aspirated or exased for section, though this might yield information of interest 
in future cases They were often not enlarged until the 3rd day, and might 
therefore be missed unless the case was re-exanuned They had usually sub- 
sided to normal by the 4th to 7th day of convalescence 

Splenomegaly — ^If the spleen had been palpable dunng the disease, it dis- 
appeared m a few cases The others remamed palpable, and these (all Indian) 
were thought more likely to have been due to chrome malana rather than to 
dengue Splenomegaly was not a marked feature 

Bradycardia was present m almost all cases, very marked m convalescence 
m some , 

Temperature charts — The typical saddle-back chart was present in only 
three of the twenty-four cases, but a composite temperature chart showed that 
the imtial temperature of 102° F (average) was not again reached until the 
5th day, when it averaged 103° F , giving a saddle curve to the composite 
temperature chart The fever fell to normal on the 6th to 7th days Cases 
were met with that seemed to be undoubted dengue, but after the secondary 
nse of temperature had subsided by crisis, they contmued to run a low tem- 
perature of 99 to 99 6° F for a further 3 or 4 days Others that seemed to 
belong to the same group had fever for as little as 4 days and then developed 
a terminal rash There was difficulty in distingmshmg such cases from rubella, 
if the temperature was not greatly elevated It seems possible that the often 
stressed 7-day feature of dengue may have to be modified on careful analysis 
of large senes of cases A more specific means of identifying th6 disease is 
needed 


^ Laboratory Investigations and X-ray of Chest 
(Tablf II) 

The only feature worthy of note is the more or less constant leucopema 
there was never any absolute lymphocytosis suggestive of true glandular fever 
and this wras confirmed by the umformly negative Paul-Bunnell tests 


I 




V' 




















Urine ewminition m tbe febrilQ period (boired no eruieoco of clbominant. 

Dxrfc grtxmd nhuninstlon of Uw onne wu cemed out on oot leu thm 
fire occncni for ckIi cue, sp to (be 7tb daj for British, and 14th ds 7 of 
cooTsI ucea ce for tbe Anb> and loduun. All were Dejarirc for Icptospiraa. 

Gtoneaptg Inoculation (intrapentooeal) mth ciimIrutTOO of tbe peri- 
tonea] floid at 7 to 14 dayi Intcml ww earned out m til twenty four oaet wHb 
umfonnly u eti o r e reanlti. 

UirrmrauL Duoitoiia. 

Owing to tbe ranoua minJfeatttxoca of the diaeue it hu appeared nnder 
•ertTal dugnoaes prcnoialy and tbo foOoving hare to be dotuiftnihed. Th« 
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contmued 


T>T)hoid 

Paratyphoid 


- 

Proteia 


Br 

abortus 

Br 

melt- 

tensis 

Blood 

culture 

Medium 

Chest 

X-ray 


A O 

B 0 

C 0 

0X19 



/ 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Norma] 

0 

0 

0 

0 

0 

0 

0 

0 

0 





0 

0 

0 

0 

0 

0 

0 

0 

0 




0 

0 

0 

0 

0 

0 

0 

0 

0 

— 


- 

0 

0 

0 

0 

0 

n 

0 

0 

0 

Sterile 

Bile 


0 

0 . 

0 

0 

0 

H 

0 

0 

0 




40 

0 

0 

0 

0 

0 

0 

0 

0 




20 

0 

0 

0 

0 

0 

0 

0 

0 





0 

0 

0 

0 

0 

0 

0 

0 




■I 

■PH 

0 

0 

0 

20 

0 

0 

0 




0 

0 

0 

0 

D 

D 

0 

0 

0 

r» 

, 

Normal 

20 

0 

0 

0 

0 

0 

0 

0 

0 




0 

0 

0 

0 

0 

0 

0 

0 

0 




0 

0 

0 

0 

0 

0 

0 

0 

0 




0 

0 

0 

0 

0 

0 

0 

0 

0 




0 

0 

0 

0 

0 

0 

0 

0 

0 




20 

0 

0 

0 

0 

0 

26 

0 

0 





typhus and entenc groups, acute bronchitis, scarlet fever, sandfly fever, influenza, 
urticaria with fever, rubella, glandular fever, the leptospiral diseases and 
clinical malana,” whose rapid “ response ” to quinine after 2 days’ treatment 
commenced on the 4th day, is all too often regarded as confirmation 

Typhus and typhoid — The chmcal differentiation is discussed above under 
tremulous tongue ” Typhoid is often enough ushered m with a bronchitis 
and a leucopema The leucopema, a constant feature of dengue, is of value m 
deciding against typhus One undoubted case with a leucocytosis of 10,000 
proved to have a patch of pneumonia on X-ray , and was excluded from this 
senes on that account 
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tM 


SUUlfASf 

1 A •cnca of cut* of decfot fnrcr occumtif in BagUid, Iraq, ct 
described — tbej are tbouflit to be the fint recorded in thi* kKtlity 

2. 'Hw dagnosT* from other ferer* m* nude bj the flocGng of • chmc 
terutk tempervtnre course, the presence of typtca] fToip^oim, and a leucopena 
VQ the bloo^ 

3 Other ottsei of ferer were at far a* possible exdnded. 

A Adodtu and bronebtia were found to be prominent featurea. 
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JUNGLE YELLOW FEVER IN SURINAM 

D1 

E P SNIJDERS, 

M F POLAK 

AND 

J HOEKSTRA, 

From the Institute for Tropical Hygiene, Royal Indian Institute, Amsterdam 


After the publication of the report by Schuffner, Walcii-Sorgdrager 
and Hoekstra (1938, 1938a) concerning the occurrence of yellow fever in 
Sunnam, the experiments \vith sera from Sunnam were continued at the 
Institute for Tropical Hygiene at Amsterdam vath the intention of testing and 
adding to the data published m the above-mentioned papers 

ScHtiFFNER and his collaborators had reached the conclusion, that amongst 
the mhabitants of the Sunnam pnmeval forest (Bush-Negroes and abonginal 
Indians) that form of yellow fever prevails which is independent of the domestic 
mosquito Aides aegyph and which is known as jungle yellow fever because it 
is always found m or near the jungle (Soper, 1936) This jungle yellow fever, 
as IS proved by the results of serological and pathological investigations, usually 
appears as a disease in adult men, working in the forest or in clearings, whilst 
the danger of infection is shown to be small for the women and children who 



JCDouRUinr rrvoi 


$a 

utuaDj remtin at borne. Only wbeo tlje boioe b ntnated la or mj txn 
the jtmgle ta the dancer of infection the uroe for all memben of tbe ftraij 
It b therefore accepted that the nrts of yeliow fercr ertcun tn the Sooth 
Aroencan tnd protnhly ibo In ibe Afiicin« Joagb u Independait of AUti 
me g y p t i (which a not foond ta the jaogfc) and of hunua betogs addom 
Tuit it TTie inajt probable hypotbcaia that other Tertebratea and artbropoda 
nm a t ii a tbc titto cpde m the canopy of the priroenJ foreat baa been prored 
conret by tbc tplendid reaearch work of tbc Aoicnean inrcatigitDra dortag tbc 
great war 


\nAow Ftvoi w THE SointAM HnrnjujutD 

It b abown by the reaulti of tbc lovesugatiOQa pobhahed la 193S, that 
after tbc Itat kno w a epidemic of 1908-09 at Paramaribo (Flo 1910), yeflerw 
fercr moat hare prerxikd io Sunoam. Amoegat tbe Baah>Ke;TT>ea aod 
abon^nal Indtana born after that epidanlc, the mocae pro t cc ti oo test Dot 
lofretpiently reraled a hutnonl tanaaaity It appeared that immomty araocictt 
tbe male Buth Negroes was more frequent than amongst tbe Binb-Ne g r t as ea 
(26 per cent tnd 4 per cent reapecdirdy). Aa tbe vln» io tbeae teiy thinly 
popul ated terntones seems to exist quite independently of tbo presence of 
huttan beioga, we muat take tt for fnnted that hen we are desEof with jtm^e 
ydlow ferer 

At car lottitcrte ifnmgntty b p roved by tbe mtrapentooeaJ mouae pr^ 
tectioa test a ceo r dln g to Siwni and Llotd (IGOl) «nd by tbe latnccrebnl 
mouse proteeaoa teat accordlag to THUun (1631), raodlEcd by Dixua (1931). 
The Utt mennoned teat is a little leaa sccattlTe b^ reqmrca leas serum. With 
both, the test emmab ere La.fected with a mixture of Oring riros and the senun 
to be exaimoed. Tbe presence of inunone bodies In the serum as a resolt of 
an infeptlon by yellow ferer Tin» m the past, b prtrrtd by the fact that the 
mice remain aOre. Results of teats may be poddre (the dooor is inusune) 
neg a t i ve incoodcBtre and, finally onaatufactory m case of early death of teat 
ammab (SchOpintu, 1939) 

In moat cases tbe total Dumber of sera obtained from one viStfe was far 
too small to give xa tnaight into tbe efiftnbadOD accorcEng to sex and age. 
'nierefare we comhme the data of all Bush- Negroes and those of all aboriginal 
ln<fians (who Hre quite apart from tbe Bosh-Negrpca in the junjie). A <fi»- 
cniEdnation bttatm these two groopa may for th» Traaon be justifi ed . 

Tbc results of tbe tests on sers of 128 Bosh-Negroes arc here recorded, 
Indodlag the data pubEsbed by SatOmrEx ft aL coocentmg tests on sera of 
Sixty Bash-Negroca of Gtntee on the Sunnara nver Tb these are added the 
results of tests on three sers of Kaamonstno on the Coppeoam river tea rf 
Mabo twelve of MakkikrekJ twenty-eight of Jacob-tOTdrd ten of Uoian- 
kondrd, and one of Gfanman-koodrd all villages on the Sarainscca nrer 
Anotha two sers come from lobabitsats of the Sorinam river basm. 
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The results of the serum tests of 126 Bush-Negroes are given m Table I, 
classified according to sex and age It shows that amongst seventy-eight men 
examined, twenty were found immune (26 per cent probable error 3 3 per 
cent ) and amongst forty-eight women only two (4 ± 1 9 per cent ) 
Probably the villages of the Bush-Negroes, where the women continually stay, 
are not contaminated by the virus and the men are infected dunng their stay 
in the more distant forest where they carry on their work of cutting trees and 
managing the freight on the nvers, etc This concurs with the phenomenon 
that danger of infection only anses on reaching adult age It remains 
remarkable, however, that the Bush-Negress so seldom seems to come in 
contact with the virus Although she keeps to her home, the villages are 
situated in the middle of the forest, and the impression we received from the 


Table I 

AGE AND SEX DISTRIDUTION OF lArMtlNTTV TO imiOW FEVER OF BUSH-NEGROES 


Age-group 



11-16 

lft-20 

21-25 

26-30 

31-36 

61-66 

Total 

A — Mtn 










Tested sera 

2 

9 

13 

18 


10 

1 

1 

78 

Result inconclusive 

0 

0 

0 

2 


2 

1 

0 

9 

Result positive 

0 

0 

2 

3 


4 


1 


Percentage positive 
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hterature is that under similar circumstances in Brazil the danger of infection 
IS not less for the woman than for the man Perhaps the virus is localized in 
areas of the jungle which the Bush-Negress rarely visits or it is earned by a 
vector which bites dunng the mght , the woman, remaining m the house, 
might thus be protected Another remarkable phenomenon is that Aides 
oegypti — ^which, according to Bonne and Bonne-Wepster (1925), prevails in 
jungle villages such as Glansee — did not spread the virus to the women and 
children who remained at home The virus could easily have been imported 
by a man infected elsewhere ^ ’ 

As to the abongmal Indians, we have the results of tests of fifty-eight 
sera, sixteen of which are from Langaman-kondrd on the Marowijne nver, and 
already mentioned by ScitDffner et al Of the remaimng forty-two, five are 
from inhabitants of Donderkreek, four from Cornehs-kondrd (both on the 
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Wtyombo tirer), fo<ir from KiJcUskreek on the Coppaam, firt from ibe 
nbit] oma»h (Coppntun) Kod twenty fmir from C»pori (Surmtm rirtr). 
The retult*, rJmificd according to ago tnd »«, are giron b Table IL Oat 
of the forty-two men oAmixted, t w rirr abow a pontire aentm (29 ± 4 7 per 
rent) and fotjr women out of aixtecn ^25 ± 7'0 per cent). It o to be regretted 
that the materia] artilabJe la rather imaH, bnt oar data giro no lachcatKai 
■of a amaller chance of infccdon for women. Sxejith (1909) fotmd fa Bmiih 
Guiana, amongtt 24S male fahablac&tB of the jangle 118 imrnnw penoo* 
(47'9 per cent), amoogrt forty-three female, oght (18^ per cent). He doea 
not tell u* howcw bow the 174 abongfaa] Indians, with afaty-ogfat tniiT mr )^^ 
f39 per cent) amoergit them, are tfinded accof£ng to aejL In any ctae oor 
mformasoo does not ahow that the Tiwfi^n woman ii rtlatiTely protected ■g*lr*«r 
yellow ferer nrua. Tha {a ondcrataadable to acme extent if we rcpcmber that i 
family of abongmal Irttfiana leada a nomadjc Idt Ahhongh it is dlficnh to 
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pro re it la very probtWe that the kind of yellow ferer which preralla imoogit 
Indiana ii jangle ydlow ferer Wo would certainly expect higher immomty 
raloea with infectioa by AfJa mijftx. 

It la worth while coowdeiiog whether the eptdemica that hare prcri3ed 
in the capital, P aram anbo io I9Q2 and ISOS-OS hare alao peoctiited the 
Jangle. Seg oir r m at mL abeady tbooght thta could be denied and oor data 
confirm thit. Of twenty-arx Batb-Negroea and aboriginal Indlant, firing fa ibc 
foreat donng the epidemica id the capital, mne were immune (35 
± 9-2 per cent). Of aiity-ooe former mhabitanta of Sonnam, who were 
firing at Paramaribo dunng one of the two epidemio and are now «tiyo>S 
in the Netberlanda, forty (68 ±6 1 per cent.) were imnmnc. Immun ity 
prored hero to be nearly equally dinded between men (twoity-afat of thirty nln* 
or 67 per cent.) and women (fourteen of twenty two or per cent.). Imnsnnl^ 
rates differ coimdeiably (31 ± II I percent.) when we compare fahahhant^ 
ghc town with tboae of the yongle. This fact renders it improbable that 
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»uppote tbit tbe agncultnrtl popalmon tloog tbe co«st nn the rhk of iofectiOD 
onl^ nntiQg the mterior Tha In oor opunoo, voold not happen wtb 
•oi^ent frequency to expUio *n lountmlty nte of more thTi ]0 per cent We 
therefore conclude that jrelknr ferer renumed »n»uJdenQg in tbe coutil 
rejioni al*o after 1000 'll* qucMion remalm whether jun^je jeDoir ferer a 
here playing lU part or wbetto tbe Yim» bai eadimrely mainttined ftwif 
thank* to the cyde man-arjTpti jnan. On the pfantadona along the toott 
AfJa attyph li rery often obaerred. *nd« moaqujto viU certainly if the nna 
u pr om t, be able to cauae cpidemici, which have, bo we ter oercr bra obaerred, 
tbcmgh the poanbQlty of thdr haring occurred moat adH be conedered. It 
doea not, howerer teem probable that man and toge t her could form the 

rtaerroir of the nna in tbe ** datrkt*.” Infection there ia probaHj endeede 
only rery tpeciai circamftaacea in Braxii created tbe ponlbnity of eodemic 
exhtence of rural yeOow ferer earned by AUa {SortM, I93S). 
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It a aho poanble that inbibrtanta of the datneta are occauonally 
Infected by ye&ow ferer nna whkb aa a role baa other host* and, fn accordance 
with experience gained ei»ewbcxe, probably come* from the forest. A great 
part of the coast*] region i« il*o c or e re d by form, and many plinutjoni i mm e- 
diaiely adyom it. The ocearrenee of jnn^c yellow ferer in tti coastal rtgioo b 
tbia quite poaaible. We aumot. bowerer prore this as data are wanting a 
regard* the place* in vhlcb thoae we regard ■* inunune hare been infected. It 
i* tmprobabie that the whole coastal region could be one large focus of jungte 
yellow ferer It can more ca*ay be ac cept ed that the danger of the octurrtnee 
of ihi* disease it local Tbe surest way of localmng these supposed fod of 
infection would be by tbe inrrodoctioo of s y st ema ti c nscerotomy in Suibiato, 
ca has already been dooe in South American countnea. Viscerotomy is employed 
SI a routine post m orte m measure for tbe remoraJ of brer tissue for histologicai 
exarojnatioD from *11 per a oni who die within 10 day* of the onsO rf thdr fstal 
ninm. Tbe object of orgatured ri s cetot o my u to oboun information regsrdlnf 
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Introduction 

A study of the sandflies {Phlcbotomus) of the Sudan \vas started by the 
t\ntcrs in 1938, but \\'as interrupted by the war For the past 6 years our 
attention has been fully occupied wth other matters, and y\e have been unable 
to pursue a systematic study of Phlcbotomus Dunng this penod, however, 
collections ha\c been made from time to time as opportunity arose, and 
examination of the material thus obtained has considerably increased the 
records of species of Phlcbotomus m the Sudan Such records naturally include 
odd obserxations on methods, distnbution, bionomics, and similar matters 
The present communication is an attempt to collect the rather disjointed 

M pratcful to those who ha\c sent to us collections of sandflies from different 

01 the countn, particularly Mr J W Cow land Dr A R Hcnt, Dr R W 
^ Macdonald , to Dr L Parrot of the Institut Pasteur 
p jic lor the determination of P alexandn from the Sudan , also to the Dinrcron 
Sudan Mnoicu. SEIl^^cE for pcmijssion to publish this p^pc^ 
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record! and obsemtJOD! vhich here been made during the past 6 yean. 
msterUl Includes tpecunen* which we beCert to be tntberto undoa 
•peaet of PAUhatomMz, but these are cxdndcd from thn paper becstisc 
msy require further study when the complete Utenturo and opportumtie 
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companng them with type specimens become available to us Records of 
distnbution and other observations noted in our earher paper are not included 
in the present article, in which only additional localities are given 


Methods 

Prehrmfiary studies, recorded in our previous paper, directed attention to 
the bionomics of Phlebotomus in outdoor situations rather than in houses and 
towns Many of our observations have been made in the wilderness, m native 
villages, temporary camping grounds, cattle camps and similar places, which 
are often only seasonal oases in the Avildemess The methods used in collecting 
have been similar to those recorded in our earlier paper, with some additions 
The use of oiled paper traps, previously described, has been found an 
invaluable method, especially for obtaimng collections from holes and cracks 
in the ground, burrows of ammals and birds, termite mounds, clefts in trees, 
caves, rock crevices and similar places The viscosity of the oily film is just 
suffiaent to hold sandflies and other equally small creatures with feeble powers 
of flight Most beetles, mosqmtoes, bugs and larger insects generally break 
away, and so do not feature in the catches The mam point in the use of 
these traps is knowing where to put them, and with increasing knowledge 
of the habits of sandflies one learns to choose the likely places Occasionally 
some species are so numerous that traps placed almost anywhere will catch 
them To collect sandflies in rooms, caves, huts, and m the open before the 
war we devised traps made of cones or cyhnders of oiled paper illummated 
mside by small electnc torches, but the torches have been unobtainable dunng 
the war, and we have ceased using these traps, and foimd simple oiled paper 
traps satisfactory We foimd it was often possible to catch sandflies by simple 
traps in cleft sticks placed m suitable places m houses, etc 

Baited traps were also found extremely useful, especially for catching 
living sandflies These traps consisted of tents made of sandfly netting, with 
a caged ammal mside, and placed generally on the groimd With scissors, 
a senes of small holes was cut roimd the tent, about half-way between ground 
level and the top of the tent We found that sandflies readily entered such 
a trap through the holes, but seemed to have difficulty m finding their -way 
out again, since reasonable catches could usually be collected in the early 
monung The sandflies which had fed were usually found gorged m the 
comers at the bottom of the net, while those which had not fed seemed to 
nuss the exit holes and get lost m the comers at the top It is, of course, 
important to ensure that the trap is closed below (between the ammal and the 
ground) by a layer of cloth impervious to sandflies, and that the junctions 
betw'een this and the tent are also impervious to sandflies 

A further development of this method used by us was to cut holes about 
alf-way up the sandfly net of a human volunteer and, m the same way, collect 
t e sandflies from his net m the morning When it is desirable to obtain the 
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M ndfli a in i ntWc cootDtion wc found It oecewiy to collect them id the 
early momiug, before they had been aui^ected to the effect* of the rin, which 
appear* to be imnucal to them. 

Sandflus Hmrarro Idcntifieo. 

In 1940 we pubhihed i U*t of thirteen ipeae* and ranetei of Pkirkamo 
which were knoro in the Sudan at that time. Twel« more have now been 


found and are indicated by aitenska 
named forma, 

P Ungtrom var onenttht Parmt. 

P hngipti Parrot and Mart n. 

P trrgrnti var toms Parrot and 
Martin 

P 4ln>andn Sintoru 
P martvn Parrot. 

P papaiem Scopoh 
P ptpaiasa var brrgmtt Parrot. 

P Mthaadi Newatetd. 

P rodAaun Parrea 
P ojDm Theodor 
P affisaa Tbeodor 
P tijfdet Sinton. 

P tfttawapinmt Newalead. 


in ibe following hat of the twenty fire 

P aputiptians Newatcad. 

P amilliwuu Newatad. 

P sdtomlfin Adler Theodor and 
Parrot. 

P cottg^nau Bequaert and Walravena, 
P ccufgnirniiJ var dtsOitctiu Theodor 
P afncaaj Newatcad. 

P afrumoa var ndewm Theodor 
P a/nmu var w/rr Parrot and 
Schwett. 

P trktertsi Adler TTieodor and Parrot 
P uketlJi ru arthiopttwi Parrot 
P itnpttnj TTieodof 
P tmgjwfo Newftead. 


NoTta os TMi Sriata 


( P Caaeirw TU wnmatio 

From r aritw of the dst* tbm arwlabU, Aiux tol T'Kaooo* (I03t) to o difVrt 
that the dwtriHitMG of kal»-uar fa cb« oU wotld fa latatad to that of wodSfa* of tha 
m^tr rruup, and pradicfed that modfir of tbfa froup •ould b« foimd fa tb« Sudan, tfa* 
(betributioa of a tfi o d with that of eg tad fa «bkh tb* p ar afaw* andciT* 

•pecifle drTofapanant. P Un f av td rwr. a tb ooh HcdllT of tb« aefar 

wboac dj ftrfai tkci fa rrtated to tbat of fcili aiir n tba aod prdarifaary (onrub* 

Ifabed) obacTTBUoa* hara rercafad aotarlor dfrrfapntfnl of th paniius of SiafaD 
k>l»-«nr in moQ propoction <d ywf nl ^f ^nha na of P taafniifa rtr arWaiafu liUch 
had fed on patirnf wKh poaf hifi aiar dqmfa lawbmaiaBW. 

In moot plam wbeia ckoe eoTratam bomnn tfao dwtributioo of fcaiv - atar end 
that of *aod^ of the aa^ar croup baa been domutiaMd, tfaa awidflf conceToed fa oo* 
of the amoooax fa tSa rcfMB and can b« rradd; cmifht ta larco renbar*. Thfa 

fa not «o e tb* Sudan with P w u r«r arviWa&t, wbkfa m arratK and rsnoUa ai hi 
oco g renee Wbtn (bond, it fa cauoQy outnombared by odter a pcca w fa tlia anno ana, 
fa coOectnm mof bt tb* metbod* deaenbad. Thfa fa not a ota d y to be expfaoad ^ 
m ail . L e d aeaaonal facidaoc*. In ISIX «e foml P tmigrrmi var. m faafaAr ■> *'**~|? 
abia o t rmbCT ai pfaca wbara we bad foutd onlr ■> oecatfcaial apadraan to IW • * ” 
aaent tana of ifaa rear atvl otular th aanao cacdj ti o na . P caafa t r tboaa Caeti but 
aoma beanc* on tba titatw and raiwbta ocamaoce of caaei of fc*Ia-aiar fa tbe 
It haa acanatuDa* baan nefaerd that plaea w hich produced eaaet fa joar appamd « 
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the following year to be free from the infection which had instead broken out m some 
other place 

Distnbution El Hamra , 

P lougtpes 

P longipes IS like P langerom var onentalu, a member of the niqjor group, but its 
distribution m the Sudan is not related to that of kala-ajzar, as far as present records 
indicate The species has been found only in one locahty m the Sudan, at an altitude of 
6,500 feet, m the rain forests on the Imatong Mountams This locahty is practically unm- 
habited, there are no records of leishmaniasis havmg occurred there, and the climate is 
entirely different from that of the kala-azar areas on the plams The only other record 
of this species is from Addis Ababa where the altitude is also high 

The members of the major group havmg a non-bifid intromittent organ (P langerom 
and its vanety onentalts, P longipes and P longtcttspts Nitz ) are separated from each other 
only by very mmor taxonomic differences, while the last species is so closely related to 
P permctosns that Parrot (1936) had to resort to breeding experiments m order to satisfy 
himself that the two were distinct All these species are, therefore, very closely related 
to the vectors of Mediterranean kala-azar (Adler, Theodor and Witenberg, 1938), and 
Parrot (1941) has shown that in experimental conditions P longtcttspts becomes as easily 
infected with canme leishmaniasis m North Africa as does P pemtctostis 

Distribution Gilo (6,500 feet, v 45, 6<J^, 1$) 

P scrgenti \ at saeviis 

Distnbution Katire (\ 45, 1<J) 

P alexandn 

Distnliution Lotelope (v 45, 1(5) Loelli (v45, 2 S$) 

P martim 

This species presents features of both major and sergcnti groups The shape of the 
distal segment of the supenor clasper of the male, and the number and arrangement of 
the spines on this segment resemble the major group Parrot (1936), however, refers 
P martim to the sergaitt group, on account of the pedunculated tuft of hairs on the proximal 
segment of the supenor clasper Similar features ore found in two other Ethiopian species 
which are known only by the males, P katangensts and P rossi They are obviously closely 
allied to P martini Both have been described as members of the major group, P katan- 
gensts by Theodor (1933) andP rojii bj De Meillon and LAVoiprERRE (1944), and suggested 
as possible vectors of leishmaniasis and other conditions, although the places m which 
they were found he outside the recorded distnbution of leishmaniasis in Afnca In the 
Sudan P martini has been found only in the Southern Sudan, in places round about the 
southern endemic area centred at Kapoeta Large numbers of this species have not been 
t^en so far Most of the specimens have been obtamed by oiled paper traps from the 
burrows of ammals, pnncipallv porcupines, and the species has not >et been caught in the 
act of biting man, although it ma> w ell do so in suitable condihons 

Distnliution Kapoeta, Lotelope (v 45) 

P papatasa 

This species is often found in houses, but on one occasion was found biting in a dned- 
up swamp SOO metres from the town of Rahad It has occasionallj been found biting on 
roofs about 6 metres abov e the ground 

Distribution Abu Guta J W Covvoakd), Abu Usher, Abpatun, Aroma, Bagiga 
Rowland), Damali (A A Bereir), Damasin, El Hamm, Kassala, Kosti, Lul, Omdurman, 
Rahad, Shambat , 


P papatasii var bergeroti 
Distribution Aroma (in 43), Kassala (ii, in, 43) 
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P roiibaudt ^ 

This species was described by Newstead (1913), but mav be the same as P dubosqt, 
a species previously created, but incompletely described by Neveu-Lemaire (1906), 
Parrot (1943) considers this species to be the probable vector of oriental sore m the Niger 
basin No cases of cutaneous leishmaniasis have been reported from the only area m the 
Sudan in which we have found this species 
Distnbution Kapoeta, Lotelope (iv, v 45) 

P rodhatni 

The morphology of the male genitalia is highly characteristic in this species which 
was descnbed by Parrot (1930) from the Belgian Congo (male only) Our specimens 
differ from Parrot’s description m the shortness of the fourth palpal segment, the formida 
being 1, 4, 2, 3, 5, and the average relative lengths of the segments m five males bemg 
1 — 24 — 36 — 20 — 46 One female of this species obtained by us had a similar 
palpal formula, the relative lengths being 1 — 30 — 43 — 2 1 — 50 

Distnbution Li Rangu (xii 41), Kapoeta (iv 45), Sources Yubu (v 40, A R 
Hunt) 

P adlen 

Distnbution Abn, El Fasher, El Obeid, Kassala, Keilak, Kortala, Port Sudan 

P affims 

The speaes P affinu w'as descnbed by Theodor (1933) from one female caught by 
Dr Rosie m Mongalla province It has not subsequently been found there, but we have 
found the species on sei eral occasions m collections from Fasher The male was descnTied 
b' us in 1940 A feature commonly observed m the females from Fasher and not menhoned 
b> Theodor in his ongmal descnption is the presence of numerous spines projecting 
mwards from the lateral walls of the buccal cavity antenor to the buccal armature 

P clydet 

P clydei, which falls into the subgenus Stntonms (cf ICirk and Lewis, 1946), was 
originally described by Sinton (1928) from specimens from Wazinstan and has since 
been found to be wndely distributed m the plams of India (Sinton, 1932) 

In 1939 Lewis and Kirk recorded this species from Afnca and noted that it was widely 
distnbutcd m the Sudan In 1944 Parrot and Martin recorded the species from 
Djibouti, and stated that they consider P zagtis, previously described by them (1939) 
from Abyssinia, to be k synonjm of P clydei In 1945, Parrot, Mornet and Cadenat 
recorded P clydei from Dakkar and other places m French West Africa, commenting on 
the wnde distribution of this species m Afnca evtendmg from the Somali coast 
(Djibouti) in the east to the Atlantic in the west 

The methods of collection used b> us haie shown P clydei to be one of the com- 
monest and most wndelj distributed sandflies in the Sudan, its distribution, which is 
shown in Map II, page 874, corresponding roughly wath that of leishmaniasis In 
lacw of this, It IS surpnsing that the species is not recorded in the collections made by 
luNG, Archibald, Henderson and others who had previously made quite extensive 
tMllections of Phhhotomus in this countrj We behei e that the absence of P cly dei from 
the records of earlier workers m the Sudan is due to the fact that P chdei is cssentiallj 
an outdoor species It ipreh comes msidc houses and similar places although large 
numbers can often be caught in the wilderness bi the methods we hai e descnbed Probablj 
in the wnldcmcss it feeds largclj on burrowing animals, as it is the sandflj which we have 
caught most constanth from animal burrows 

In prcliminarv (unpublished) experiments the development of flagellates has been 
observed in one out of fortj specimens of P cly da which Ind fed on a patient with post- 
kala-azar dermal leishmaniasis but the development was not of the “ anterior” tj-pe 
DistnTiution Abn Abu Guta (Cowland), Abu Usher, Agor Ti, Akobo (R W 
blTTHENsoN) Aroma Bagiga (Cowland), Damnsin Doka, El Amira, El Hamra, Hciban, 
Jchel Mandcra (F U Bell), KapocLa, Kassala Katcha (C M Macdonald), Kcilal , 
Kortala, Kosti, Lcr Loclli, Lotelope Malakal, Merebca (E Jant) Paloic, Panamtin 
Rahnd Slnmbt Talodi, Toknr (i xi 12 H H King) Umm Ber, Wath Wang Kcch 
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Thk tpraa wu dewribed oriciBaQr br >{x«ttui) (1013) £nxa ifa^ fomb £ran 
Kh artou m. Lcrr SnrcM (1023) recDnbd tbc tpr dt* frmi li^lt too the 

□tab aad fanak, add«i« ia 1028 tha dracripe m p o£ th charactemtio buccal anncture 
P baa ainca baea fouod to faaaa a adda diati&otioo b Africa cod Aaa, md 

v ar > e tia a bcrc been aa p ard ^ on cfa am ctati b tba fenwla, b&ax, eu ^r^id acvl 
TXT hrrwds Wa bare o b a cn ed n aocna of oar apedmana fnxn tba Soutbam a^ Eaamn 
Sodao kat\m a.hich (a not deacnbed b OCT of tboaa rariataea, nor In tba tne, (ba 
^ i ftauKC f row of anterior ^atncuform teeth b th boccal ar ma tgre of tba lenuK Tba 
apedea baa cady bnn found m aecaQ cunban occpt b co B tetkag mada naaz Uthd b 
hcaMa and aa botca b tbe fround b fbracta (Table 1, pan 680) It tbould be txMcd, boivarcr 
that t least four other ipecka arer* fbimd b cm ^ Ota foarati, cat obiecn b tbe nete J tr 
Db uJaiu eio Abu Udter and Akobo (Smuxxst) Abpatua, Ba(%a (Cokum); 
Boin t&rmtZKatn) El Amira, Fanjak, Jdia, K^ak. Knati, Lul, Lo^, Lotekei, klalakil, 
Mcrcbca (Jaxi) Qab a Nihl, Raifaiid, Wad al btafdub, W th Waoc Kccb, YaL 


P Pna li> a »aij 

In oor operknee, tbb la tba ceratooocat and moat widdr d ktrtan ed ipccj aa in tba 
Sudan, beine ererTaibcTa eatOf obtainable in latiia^ anp*7 itotoo, tiaa clafes, bolai n 
tba (round and timdar placet, ft araa f e m e d e d in our caibar paper aa P maarn rtr 
t^mbPamds but fram PAnnoT^ (I M3) more laeent papar tbe correct dcavnatn ippaan 
to ba P ficnafrpmab, 

TT hm 4al ia < ft td that indhriduala of thb apaciaa often rajy ctaaidenblr in tbe 
tbn m tba ahapa of tfaa bticctl ca t t tT tepte capeoafix the ptMortn of tba fnult, but 
ara ara unabl to ctata (be exten t to mUefa tba bttrr difinencca ara dua to artcfacia 
MiliB f in tbe proegaea of thxi lp ( . ovwiwtbj sad vir«in( It may ba cnacd that aetna 
ef cbe al KfMwr ippewiacea tfaa deaorptns of P aaavf (GaLUUin end 

Nrmuwo 1031), P adnataim. anlatowho (pAncr 18>0)>'whkb wa cpw itpujad by 
PaaoT (IMS) u ay uoujtu a of P aj — apca ad^ and almP dniffafa* (Spmnt, In9) widen 
tppean to be emaaly dbed tpcciea. 

DntrSMtkm P a^wan^iawr baa been obctfaied from iha JoOowmf Abu Utber 
Aroma, Baci^a (CctwlaxdX El Amtra. Eikowit (C<mi.u(D). HwlabTa. Heban. Kaduptfi 
fH. W BxdRWD), Ratcba (kbCDOsULD) Knlak. Rortab, koaxi, Jnba (A. hi. Btui), 
klenbca Hafa^ Nud (CowutKDX Qala cn Nald, Rabad, T'l^^ Unxn Der Tbe 
rariatioo cd tbe pbarjnx noted abm haa been ■can ptmcipaBj in ape<^naoa taka frem 
tba BtMtbam Sodan at tba fbOowinf placea A(ca Ti. Aabo (SroscanO Akpadm. 
Boma, Ju^ Rapoeg (A. £. LnnctZEMX Kaneba (blacpCMAuX Ktilak, Kort^ La, 
LoePi. Locclopc, bUlakal, Paloacfa, Pananitm. R Seiaf (121 Isn. fnan mouth) TVtop 
Watb Wk« Kech. 

P wJTwai. 

D bt r le itMn Katsa ( 45) Soorce a Yidia (many yU, a 40, Hoin) 


P acAoamdbd. 

Dwtributam Amacfi ^oi. 4(X Katire ( 45), S ourta a Yidfo ( rl, ft. 40 ffmrr). 


P cauyafauu 

Dtatrlbcitw Kapoata, Ya 

P rwndimt var krtaa O u 

Thja f ar w ry w tndely dl a tr^ irted but b oaaOy found aa mwll numhert 
Dntiibutno Abr\, Amadi, Dwsaam. Dnda, □ Obeld, QaPtbat, Heitan, Joba, 
Katdw (Mjuxkfhaui) Li Rangu. bleridi. Raabad, Ywnbto, Yci, Wad d Magdob- 
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P qfncanm 

P mmutus var afncantis was onginally separated from the type by Newstead (1912) 
on features of external morphology Later, Adler and Theodor (1926), m their classic 
paper, raised the variety to specific rank as P qfncanus Newstead, and smce that date 
many vaneties of P africanus have been described P afrtcanus and its varieties are, m 
our expenence, almost as abundant and ubiquitous in the Sudan as P stgnattpmwis, 
specimens being found m all kinds of habitats 

Distribution P afncantis and its vaneties are widely distnbuted m Afnca, and occur 
also in the Mediterranean region and also m parts of Asia In the Sudan the distnbution 
ofP o/ricoiiiu IS much the same as that of P afncantis vai ii/daniciw, which is given m detail 
below 


^ P afncanus var sudamctis ^ 

In our previous paper we descnbed a cunous habit of P afncantis of congregatmg in 
large numbers on tree trunks at dawn and sunset, which was observed in uninhabited 
country at Wad Arud, on the upper reaches of the nver Atbara This habit has been noted 
m P afncantis var sudamctis at Hawata, Buflfalo Cape (Table I) and other places^ most 
of the msects being females 

Distnbution Abn, Abu Tong, Agor Ti, AJapatun, Adok, Amadi, Buffalo Cape, 
Dmer, El Fasher, Fanjak, Gedaref (Cowland), Heiban, Juba (Birrel), Kassala, Keilak, 
Lake No, Ler, Malakal, Paloic, Panamtm, Qala en Nahl, Rahad, R Zeraf (190 Ion from 
mouth), Sennar, Sources Yubu (Hunt), Talodi, Tendelai (Cowland), Thar Jath, Tiptiap, 
Wath Wong Kech 


P afncanus var ntger 

Distnbution Amadi, Li Rangu, Mendi, Sources Yubu (Hunt), Yei 

P scJnvetzt 

Although widely distnliuted, this speaes has only been found m large numbers m 
collections from a tree hole (mostly females) and an aviary (mostly males) The signi- 
ficance of these findmgs is unknown 

Distnbution Abn, Abu Usher, Atbara, Dingba, El Hamra, El Obeid, Fanjak, 
Hawata, Kassala, Katire, Keilak, Kortala, Lake No, Li Rangu, Paloic, Qala en Nahl, R 
Zeraf (190 km from mouth), Roseires, Sources Yubu, Tubor, Um Ber, Yambio, Yei, 
Wath Wang Kech 


P sclnaetzi var aethtopicus 

Distnhution Fanjak, Hawata, Sources Yubu (Hunt), Wad el Madgub, Wad Medani 

P deaptens 

Distnbution Li Rangu, Sources Yubu (Hunt), Abu Tiga, Yambio 

P ingramt 

Distnhution Kagulu, Katire, Sources Yubu (Hunt), Yambio, Yei 

Variation in Colour 

^Vhcn we first examined sandflies from the Southern Sudan wc immediately 
noticed that some of the species were much darker than those further north, 
and that m seteral species southern specimens had such dark chitin that the 
pigmented area of the buccal ca\at} was opaque and rendered the buccal teeth 
almost impossible to see unless thej were dissected out These specimens 
tverc so dark that it appeared that thev might be regarded as \ancties It 
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»«mi probable, bc m ev ef that Ihej- merdy IDuitrate the tendency in many 
frwjpJ of tnJmah for de*ert forms to be ontuually pale, a tcndeocr whkh 
■hotdd be readily nooceaUe In tfic Sudan with its gradation from wooded 
cotmtry to pore desert Cott (I&40) writes The coTTcJatIcra betwe en dart 
pigment and high humidity tnd bclw c tu pale coionration and and condiUons, 
has been long recognized, not only among different mammals and birds but 
also in vanoca rcptilca and insects." He and also H uttj t (1&12) ditaus 
tbe causes of desert pallor Dark aoutfaem sandihes Indode P pwaKwni 
P dfafitaa P ^nc^ntu rar xlgtr and a species not yet described, and Intn 
specific dark ranations are seen In P idierta, P aa^oiaisu and )ti ranety 
SxtnuUa. Lewis (1&15) records that in setml apedcs of mosquito In the 
Sudan northern tpeacDens show pale \-ariattons. These obscmnoili oo Sudan 
sandflies snd mosquitoes may be corapsiable to Kaih a (1937) obsmations on 
Qtra specific snd intra generic colour ransoons in tsetse flies In Nlgerit. 

pEEDiKa Hasit*. 

The foUosring aandfliet hire been taken in the act of tacking Hood, chiefly 
in booses In ranout psrti of Northern Sodan ~ 

Mar Geclo 
P p«p«t4ar irt — 

P eir^n S — 

P pfnMhptimt — 9 

Hundreds of P puptttra could haiw been coUeeted, but tbe nmn inteoticin wu 
to collect sandflies whtcb appeared to belong to oiher ipeocs P dyiti has betn 
found brang by day and mght, but the number of records of thw apcocs biting 
in houses ts small. Tbe number of ungorged females in the net it Hawxti 
(Tabic I col 27 p. S80) shoned that tlm species bit man less readily than (hd 
P ItatfCTtm rar enmabt oo that occasion Near Kosti, in October one of 
us (D J L ), when coflcctmg mosquitoes on cracked cotton soil 000 yards 
from the Nile after dark was attacked n a few minutes by icores ofsandfllea 
vhich proceeded up the body br )umps snd Ul chieflv on the arms and neck 
of eleven caught and Identified, all were P dr^tt MammaUan blood fats been 
found in tpeaioera of P dydtt taken n oiled paper traps from tbe burrows 
of foxes and ground squint m Sing and t Hawats we obtained three 
gorged females of this speoes in a net trap baited with ground squlrreii In 
a net trap baited with a monkey at Cedaref a female of P ptpatas and ooe of 
P Kkcftst were found gorged with Hood. 

Our present information on tbe biting habiu of landfltes in the Sodm 
may be aummanatd as foUowa. P pepeXam bates man very rtaddy Indoors, 
and has been found biting out of door t will probably bite a rnonlcy in ■ 
net trap. P pepattm var htijrrvb has oot been seen bttmg man, but Mtarw 
(193S) thinks it probably bstes in Abysamia. We hare no record* of P 
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species 

Td bV Mahtin ;^-3 ,„d bites tnan J 

^ Milts guineap'B-- .cidiW P fcurrs bas n 

tf.r" n»'-"' '”'1“" outdoor blood w ds g 

seen biting - geebo i nation bets ^d 


^O boo"^b,ob.cd o«b-n^ -*;SfriO b- -"Hbo ab"to"of 

littoN ^932) Sudan is no^ though be repeated. 

b^-oS'" 'xr,^ 

:r'<^coi«j^-iVd-“^ 

appears to jt bit man although it ''P^spccimens ^hen on 

( 1942 ) shoued th man. tccciNed P ^^ent 

l^^:: -- 

man in bite ’^onhei s ^ t P rabbits, bate an 

pfr^x^ ■" ^ ' 

Ido"""" '’’“ ' p.„sn« „ - ’■" 


,., the icat oi ' • 

PMuastTF5 , mites have been 

r, our previons pap co» 2 off«ris var 

,o the records g"*'" p vunUm and and a 

In addition to the ^ of Pj^ ^^^,,mn 

found on ‘^P-":r mfeclioi; has been found m P^,^,.,,i .re 
j.thttrlus Fungu both ca sncrmathcc found 

speace not v et ucnital uact m t'a,aTc a '' ‘='' 

appeared to ^ P cudonaviccUac 1 thought 

In a male bodies *^haped h^^ 9 ^n\c ^„nld be seen 

den'clv pac e lobule of '"gb ' althouub ’'O''^^' . p,,^ ^bis specimen 

naW and a ccntrit g ^ .^pore j,a u'cd 

tbu tbese were prnbabU fiounung Occisonalh 
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latrine, tbe dote tuooatjoQ alreadr menticmed beUreen lizards tod P egnatx 
pfwm endcnt, ind tha tpcoei could e«Cy be caogbt in hundreds We 
hare on occasion spent the oine dissecting large mimbers of them, in tlw hope 
of finding the fligeHste stages of Eisnl Iwhmuai, but without taxesi. The 
bzxrds were nertr exsndncd u tins mpilres the toe of culture metfii sod 
other methods which were not smlsble in the drcumstances 

SAKnrun and thi Gxocnd 

Ssndfiics tre defied Insects unsoitcd to life In the coodlttom of high 
temperature snd low rclaUve humidity which ire so endent by day in the 
Sud» plains during the dry season. TuzOdok (1938) showed th« ft X* C 
snd a relatrve humidity of 40 per cent, the mean length of life of fed females 
of P p^pmUsa (which, sccortfing to our it coi ds of dntilbutkin in the Sedan, 
u apparently one of the moet xeropUhe spetaa of PfcMemwr) was 3 5 days, 
while the thermal death posot m a 1 h^ exposure was 41 C. At XNad 
Medani wbeb is in the centre of the Gesira day plain In the Sedan, the 
monthly mean temperature it abo^ 30* C. from April to June, and the monthiy 
mean reUtiTc humidity (from reatfinga taken three tiroes daily) Is from 18 to 
44 per cent. (Chmtloiofum! Normals, ISGS). Shade njaxiimrra temperatures 
exceeding 41 C hAN-e been recorded m 10 mil of the 12 nonths of the year 
and the shade tem p erature has been ksewn to reach 48^ C (116 F). The 
mean shade rruJlmtiiB u more than 41 C in April and May 

Tbe figures (pioted for Wad Medsnl hare bees given, net beauie tt Is 
the hottest aandfiy Infested ptsce in the Sudan, but btxsnie tt ii the pnndpal 
cestie lo tbe area south of EUmtoom in wUefa we hare coQccted extenairely 
and Accurate records hane been kept ibert orer a period of raanv yeart. Condi- 
tions in Wad Medaiti are modified to some extent by tbe continued culnrmon 
which hu been made possible there dunng tbe last 20 years is the result of 
ImgaQon started m 1925 We have collected Pilsbatowott in other locaBtie* 
whm during the period of our vtfit, condjUoos appeared les* fsTourable than 
those m ^\ad Medam, but comparable meteorological data are oot orailahle 
for those places. 

ConiStiom m the plstta of tbe central Sudan are, in general similar to 
those described by Bciton (1923) as occurring m desert areas — high temperature 
and bngbt tunligfat by dav with extr e m e dnzrnal range of temperature and 
relative humidity the latter -varying Inversely with the temperature Danng 
the day when the ternpeiature is high, the relati -e buroidity may reach very low 
values (figures as low as 5 per cent, axe occaaionally r ecorded m Khartoum) 
btrt with the greii fall in feraperature which occurs st night the reLrtire humidity 
iurcases to such an extent that dew may form, ei-en in the desert (cf BoXtoV 
p 81) By day conditions appear irapoaiible for aandflica. Tbe tun-baked 
earth is homing hot and bare with do trace of greenery TTic only legetanoo 
etident In most areas u thin thorn scrub which at this time of tbe year appears 
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Withered, leaSess and dead Although even shade temperatures are probably 
mimical to sandflies, no natural shade can be seen The nearest water supply 
may be several miles distant Yet at this time of year sandflies can often be 
found in adundance in such places by the methods we have described and the 
traveller who goes to bed without a sandfly net may have a disturbed mght 
Generally, however, the sandflies appear only in the evemng and at mght 
when the temperature is low and the relative humidity in consequence is high 
In other words, they appear, sometimes in large numbers, only at the time of 
day when physical conditions are suitable for their existence, and disappear 
before mormng comes It stiU has to be explained how they survive during 
the rest of the 24 hours, when conditions are so impossible It is easy to 
postulate that they find suitable microehmatic conditions in shady places, rock 
crevices, tree holes, etc , which remain damp throughout the dry season, such 
as have been found elsewhere m connection with mosquito breeding , but 
in the places to which we refer no such rmcroclimatic pockets can be found 
In some of them no water can, in fact, be found for miles, and mosquitoes 
cease to breed dunng the dry season 

From observations and collections made by the methods described we have 
reached the conclusion that the colomzation of such places by sandflies is due 
in large measure to their exploitation of a vast subterranean environment con- 
sisting of holes and cracks in the ground 

We recorded in our previous paper (Kirk and Lewis, 1940) that sandflies 
can be captured readily from ammal burrows by the use of oiled paper traps 
We suspected then that there might be some specific relationship between 
certain sandflies and the burrows of particular ammals Further observations 
did not confirm this supposition, while we often obtained sandflies by the same 
methods from holes and cracks in the ground which were not inhabited by 
burrowing animals It seems more likely, therefore, that the sandflies inhabit 
animal burrows merely because they find there physical conditions suitable for 
their existence An account of the ph3rsical conditions in ammal burrows can 
be found in Buxton’s (1923) book. Animal Life in Deserts, so it is not necessary 
to elaborate the details here Buxton has shown that it is only the surface 
layer of the soil which is liable to the great fluctuations of temperature and 
humidity charactenstic of desert areas At 6 inches depth the daily fluctuation 
IS only about one-quarter of that in the surface layers, while at 10 inches it is 
only about one-thirtieth (less than 1° C ) and the relative humidity has a constant 
value of approximately 100 per cent Therefore, by burrowing, an animal 
can easily reach equable conditions of temperature (27° C ) and humidity 
(100 per cent ) — approximately the optimum values for sandflies The figures 
quoted may be taken as typical of results which have been obtained in desert 
areas in widely separated parts of the world, and observations in the Sudan 
show that conditions there are no different from those which have been found 
in other places Referring specifically to Phlebotomus, Vlasov (1932) and 
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PmiiCREWA (lff35) li*Te ibown tint ia the plilni of TorknArttn rmfral 
borrowi pconde » njubfc cnrironment foe imdfly breeding tbnragboul the 
ffbcD cotxfitioftt ibore ground nre imposifUe for the grater pert of the 

>-ar 

In the Sudan pitua during the dry aosoo there turn in idtEtion to 
ammtl buirom an extenaiTe l yite i u of cncki in the dark grey beary endung 
day wbch n often called Wick cotton acIL Thete cracki are eiceedingiy 
nomcrou* often deep, and form an extenatre netrrort. The toil etirface Indiig 
the cracks has a greater ara than that aborc grotmd, >o that one might nruiGae 
the cracks as constituting an extennire ennronnteiit wherein use piDarr of 
earth, the topa of which cortsatute the vmblc surface of the giotind 
(Fig 1) earned out aome obaerrationt oA phyucil conditions m these 



Fn 1 — SorCsce of conoa soil, Uim aw tbe t^pwal oacks. 

cricks but after a few prclimjaary studica it occurred to ui that the data we 
aoQght were probably wtf known to theaoil-chcimsts of the Agriculture Reaeirch 
DiTiEoa, and that lt«r condudons would be the result of obaemtions eitcodiRg 
over many years So we addressed an enquiry to Dr H Gaicrt, CWcf Sal 
Cheimst, wbo repDed, Ta m cracked day soil of the Sudan temperature it 
2 feet depth ti fairly steady at 27* C. and air within iinall cracki n pfscocany 
ssturated with moisture. In larger cracka air will be drier owing to conrecocm 
currents which mir soil air with atmosphcnc air Gncti (1037) wrote. 
The rate of water kaa from (Genra) soil decreases with depth ai « dcjdi of 
2 Of 3 feet the aoQ retiinj throughout the year sufficient mouture to saturil 
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any air present m the interstices ” Buxton (1936) showed how in Nigeria 
a clay soil with only a low ivater content could greatly affect the atmosphere 
in its spaces which reached a point near saturation 

The plains of the central Sudan are composed largely of cotton soil, but 
scattered in the cotton soil, like islands m a sea, are areas of reddish yellow 
sandy sod of varying size — ^the so-called “ azaza ” grounds The cotton soil 
IS darker in colour than the azaza soil and typically clayey, so that it cracks 
in the dry season, and in the rains rapidly becomes w'aterlogged Animals which 
make burroivs in the cotton sod are therefore liable in the rams to be flooded 
out and dromied In the more permeable azaza sod the chances of survival 



Fig 2 Close-up photograph of cotton soil cracks A tobacco pipe is included to 
' ' indicate the scale 


during the rams are greater owing to better drainage, and one of the most 
noticeable differences between the azaza patches and the cotton sod is the 
greater number of animal burrows in the former 

There exists, then, an underground environment suitable for sandflies in 
the Sudan plains, even in the dry season, consisting of (1) ammal burrows, 
more frequent in the azaza sod, and (2) cracks in the cotton sod forming a 
continuous, vast, subterranean environment which is largely obliterated during 
the rams There is also considerable evidence that sandflies actually use this 
environment We have seen sandflies cormng out of the holes m the ground, 
and we have several records supphed by others who have collected Phlebotomui 
in the Sudan that the adults were seen emerging from cracks m the sod The 
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pruirip*] endcnce however t» denred £rtioi collection* made by the nvtbod* 
of capture TIC hare dctcribed. We bare tddom faded to catch atnddie* lo oOed 
paper trap* left oremight at the moath* of cotton aotl cr«k*, eroi when they 
could not be obtained by other meant. We hare found almort inTaruhly that 
larpc numbm of aandflica can be caught by Icanug oiled p ap er tnpa orenught 
at the tooutha of amoal burrowa. atnUng cuccoa of the latter method h 
probably due to the fact that the mouth of the barrow ii a bottle-neck, through 
«h>ch all aandAie* entenog or learing hare to paaa. The fact that taodflie* are 
to frequently caught by trapa in the cotton tod cracka, where there ts no rjch 
borde neck and their chaiMM of ^nng Id and out without condng againtt tbe 
trap are tTiy great, Indicaiea that the randfiy popuJatiOQ In thote craAa nstft 
be comtderable. Fmally aand&ea often appear at night is great mimben 
m place* where oo poaaible cQum*! enrironment ezi*ts abore gronod, and 
one can only conclude that they come from ihi* aubterranean cnTiroQtDcnt. 
To tett thi* coDchmoo xre bare on one or two occaslom erected trap* made 
of aandfiy netting with a caged animal inaide, the trap* bring drriied m neb 
a nay that the only potable way of entry wa* from the cra^ is the ground 
ta«ide the net. By tuiuble txwthoda, aueh n vuitlng the trap* at ranoo* times 
dating tbe nigbt we were generally able to find aandfiia to the trapa, in apite 
of the fact that they hid very gtxid ebaace* of diuppeinng back into the grousd 
before bong caught. Sandfiiet are probably not tbe only lahabittots of tla* 
uaderground eanronmeot other loaecta, acorpions and luardi also eppotf 
to htT In t. Wbes a ptece of cracked day i» Sooded for imgftion tftdiet* 
may be tees etoerging from the cnck* a* the water pour* in. In the Gcxira 
the tnraiion of bouses by fcorpttma driven out of their crack* by the fint 
heavy rama, and tbe great dlaunutiQo of aandfbe* at thia time, are wdl known 
phenomena. Near Wad Medani in IW5 when the rain* were about a month 
late a reudeat reported that by tbe beginroog cf September aco rp eon* had 
given fiUle Uouble but that aahdflics had been much worae than trtual and 
had only just begun to dimitush, a month after the usual time 

We have no direct obeervattooa to ahow whether the aandfiie* tdoally 
breed in these cracka and bole* id the ground, or ooly uie them u resting 
place* m tbe aduh *t»fc We have not made any thorougb •earch for tbe 
immature atagea t* these are extremely diificuU to find in aarure. Ki-VO (1913) 
however found one Jari'a of PUfbotemoi in the coUcm *od at Tokar at tbe depth 
f about 4 inches and later (1914) larvae and pupae n earth m Khartoom, to 
t probable that they do breed in these aUaaiicma. Onditiom In ammal 
burrow* arc nnuhje for aaodfiy bieerfing throughout the year but we do not 
know what happen* to tbe aandfiies d the cracked cottoo acil when tbdr 
environment a oblxteraicd by the rama We do not know whether they get 
over thi* difficulty by a penod of hibcrsation such ii ha* been observed m tone 
Palearct c epcciea, whether loroc aumve n a fr» rcmiimng cracka, or whether 
the cotton »oil ciack*, aa they open m tbe dry teaion arc re-coiom«d 

from the aiaza ground*. 
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This close association between sandflies and the ground is not without 
interest in the epidemiology of kala-azar The fact that the infection tends to 
cling to certain sites was emphasized many years ago by Dodds-Price and 
Rogers (1914), who mote, “ Were it not for the facts known regarding the life 
history of the parasite, the evidence would go far towards incriminating the 
actual soil as well as the houses ” The facts regarding the life history of the 
parasite to which these authors refer were Patton’s obsen'ations on the 
development of leishmania m the bed bug Dodds-Price and Rogers found 
that even burning down of the houses so that only the four walls remained and 
rebuilding on the same site did not stamp out the disease, infection of the actual 
site being said to last as long as a year In the Sudan it is said that even ground 
which has been uninhabited for some years may be infected, since cases imme- 
diately occur if It is rc-occupied (Atkey, 1931) We have never been able to 
verify this personally, but there is nothing improbable in the supposition that 
It may occur if the sandflies persist in the ground as we have desenbed We 
have found cracks and holes in the ground the best places to capture most 
of the speaes occumng in the Sudan plains, including P langerom var 
onentahs, which has been found in quite umnhabited country Persistence of 
the infection in an animal reservoir, or the inclusion of an individual with post- 
kala-azar dermal leishmaniasis among those attempting to occupy an uninhabited 
area where the vector w'as present might rapidly lead to the occurrence of 
fresh cases 


Summary 

1 Twentj-five named species and vanetics of PhJebotomus are recorded 

from the Anglo-Egyptian Sudan, and the methods which have been used in 
collecting arc desenbed - 

2 Observations are recorded on distribution, bionomics, colouration, 

• feeding habits and other matters 

3 Flagellates undergoing "anterior” development hate been found in 
specimens of P langerom tmr onentahs Vihich had fed on a case of post-kala-azar 
dermal leishmaniasis 

4 A vast subterranean entaronment is desenbed which exists in the 
Sudan plains and is constituted bj holes and cracks in the ground It is 
suggested that this is the main habitat of sandflies in the waldcmcss 
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CANINE VISCERAL LEISHMANIASIS IN VILLAGES 
WEST OF LANCHOW, CHINA 

BY 

ETJTROPE A HO, TZE-HUI HSU 

AND 

TSUNG-HSIN SOONG, 

Department of Epidemtology, National North-West Institute of Health, Lanchoto, China 


The idea that the dog is the reservoir host of kala-azar originated from 
the disco\ery by Nicolle and Compte of canine visceral leishmaniasis in Turns 
in 1908 The investigations of many workers along this line indicate that the 
disease is prcialent m the Mediterranean region, while in India, where kala- 
azar IS endemic, its existence is considered either very rare or entirely absent 
The recognition of the disease in China is only a recent development In 1934 
Andrews first reported a naturallj infected dog from Mukden, Lee (1937) found 
another two in Peiping, and in 1939 it was proaed beyond doubt that the 
infection was common among dogs in the latter city (Eeng, Chung and Hoeppli, 
1939 , Hoeppli, 1940 , Chung, 1940 , Ho, Yuan and Chu, in press) Clow 
(1943) has reported one case from Sian This communication records fortj- 
four proacn cases of canine leishmaniasis occurring in villages west of Lanchow 

Area Untjer Srupa 

The area under studj coaers approximatcla 60 sq km of mountainous 
region and includes the major portion of Jung-ching Hsicn, the aacstem part 
of Ko-lan Hsicn and the southern tip of Jurg-teng Hsicn It is about 50 km 
aacst of Lanchoaa, adjacent to the cast border of Ching-hai Proaince The 
aaholc area is aaatcred ba the Yclloaa Riacr and its branches (see Map) Scattered 
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on the river banks arc small villages and hamlets The soil is loose and alluvial 
and the altitude ranges from 5,656 to 7,788 feet above the sea level 

AIetiiod of Study 

The method cmplojed in the present investigation is based upon the one 
used bj Ho and Yuan v\ith slight modification Villages and hamlets are 
Visited and all their dogs inspected for gross skin lesions Suspicious dogs 
arc then picked out and cvamined for evidence of leishmaniasis by means of 
skin biopsy and ilium puncture (Ho, Cnu and Yuan, 1940 and 1944) 

Members of the familv living in the households in which infected dogs were 
found arc examined for clinical cvadcnce of kala-azar The past family history 
concerning possible existence of the disease is recorded 

Dunng a period of 6 months, from August, 1944, to Februarj’', 1945, 104 
small Villages and hamlets with altogether 5,970 households were visited, and 
1,4^10 native dogs inspected for gross skin lesions One hundred and ten dogs 
v\ath suspicious signs or lesions were picked out and examined for cvadcnce of 
leishmaniasis by means of skin biopsj and ilium puncture Among them 
fortv-four dogs from thirt) villages were found to have vasccral leishmaniasis 
Of the fom-four naturally infected dogs, Iwcntj-five were encountered in 
kala-azar endemic vallagcs and the remaining nineteen in villages in which no 
kala-azar ease was proved to exist In the followang two instances, coincidences 
of both canine and human vasccral leishmaniasis m the Name households were 
ohscrv cd 


Case 1 

V native male dog 6 vears old (Dog 19) began to have whitish scalv legions 
over face and cars in 1942 As time went on, these lesions became sometimes 
vvor'C and sometimes better Examination on 30th August, 1944, revealed 
that the dog had bilateral blepharitis and cutaneous lesions charactcnacd b} 
seborrhoea and epilation over the above-mentioned parts His general condi- 
tion was robust Skin biopsv and ihum puncture were positive for leishmania 
Next door to this dog was Dog 20 (In the same household wath the latter 
animal tlicrc had been another adult dog, which had sulTcrcd from similar 
-km lesions for 2 vearv and died in the middle of August 1944 ) 

l.mng in the same household with this dog were five adults tvvo children 
U’d an infant of 3 months old Ml of them were apparcntlv hcalthv and normal 
w icn the dog was first discovered m August Four months later rg in 
Icvrniber, the infant began to have irregular fevenshness and wns seen in our 
ah-arar chntc on Sth April, 1945 I’hv steal examination showed tlui the 
pa. teat was undcr-i'ounshcd and under-developed, verv anaemic and cnucallv 
1 llfctal te npe-aature, 37-6 C Aloist rale^ were present ovc' both lung 



8V3 cunmit LcmonAsa ix arTX\ 

boc*. Hart nornuL Spkcn wu not palpable and lirer 5 on. bdow cotti] 
margm. Unnc wa» oeg iri TC for tlbumm. R.B C, 2,250^)00 Hb 30 per cent, 
and W^C. 5,600 Olobofin teit wai poiitire. Sternal poncture r crealcJ 
manj Imhmarda. The patimt died In apite of treatment on 23th AprQ, 1345 

Can 2. 

A nadre male dog, 0 ye ar a old (Dog IS)waB noticed to hare epOatka for 
3 jean. Examination on 30th September 1944, abotred that the dog hod 
alight generalized cpfUtion and aeborrboea which were more cooapicuoua orcr 
face and eara. Ihmn poncture waa poaitiTe for Imhmania. Sbn btopsj negiure. 

Linng m the nme bonaebold were a ddld 1} jean old and hia parcnti, 
'Ibe parenta were apparently normal whOc the child waa found to hare anaemia 
and aplenomcfily The parenta aaid that the child had aodcred from irregolar 
fcTcrlshncia, occanonal cmigfa and progreasre pallor for more thm half a year 
The child was aeen In cur cEok on 16th October 1944. PhytloU examination 
rcTcaled that the patient w*i under nounthed and onder-derclopcd. Weight, 
17 Ib Rectal temperature. 36-8* C. Spleen Erer were 10*5 and 3 cm. 
bclcw coctal margin reapecdrely R.B C. 1400 000, Hb 34 per cenL and 
W3.C., 3,950 Globolin teat waa atroogly pontiTe and ajcrnal poncture 
revealed many loahmarua. Tbe patient apparendy recovered after a courae 
of urea atibsmae. Follow up gammatioo on 5ih Mirth, 1945 ahowtd that 
the child wti apparently healthy cod oonikaL Weight bad inereaaed to 23 lb 
Spleen reclamed only 3 cm. below tbe eoatal margm aixl Drer waa not palpable. 
R.B.C 5 100,000, Hb ao per cenc and WB.a 8 400 Olobulm teit waa 
weiUy pontire and atemal puncture tteptire for Inabmama. 

Wline the diaeaae nts apparently abaent m the majonty of the TQJagta 
under study ita inddence in tome was high. In twenty-a i iui rillagca the 
infectron was detectable in one out of every twelve dogs inspected for grow akin 
Icnons and m another three hamlcta the mfecuon rate waa eVen higher For 
instance, three out of aeren dogs in Uang-cKia-bo-txm (7 78S feet abort aea 
Icrel) four oOt of thirteen m Fu-tte-<bung (5 742 feet abort tea Icrd) and two 
out of deren in Hoan-tO'tan tze (6 743 feet abort aea lerel) were found to 
bare the infection with dermalcn aoifestadona. For the whole area under study 
the infection nte it estimated to be at tbe adalmam 3 per cent and tbe dis- 
tribotion of the distaae is widely spread. (See Map, page 890 ) 

TTie ‘•ifTiiin? picture of naturally infected dogs u well known to tbe 
aHiTca, A large majority of theu so-odled ugly dogs were found by us 
to be infected with leHhmamasrt. Cutaneoua icnons chiractenxed by epdadon 
and sebonhoea were present ra aD but one proren case, and were osaiDy more 
cont[xcuous over face and ears, resembling Uoca lesions of the humm scalp, 
and always bilatCTal In cEstnbutioa. Tbe hair of tbe Infected dogi appeared 
coarse and hiatrcJesa bat their general conditioa. m tbe ro ^onty of cues, was 
apparentlT robust. BH term! bicphanta waa seen In dght case* and symptom* 
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such as anorexia and sluggishness observed m only a few Three-fourths of the 
infected dogs had reached an approximate age of 5 years or over None were 
under 2 years old 

Discussion 

Leishmama infection in the, dog, as in man, manifests itself either as pure 
cutaneous leishmamasis or as visceral leishmaniasis with or without dermal 
manifestation In China only the latter form of infection has been so far reported 
Based upon the clinical pictures and the presence of leishmama in the bone 
marrow, it is concluded that the forty-four cases described in this communi- 
cation are of nsceral leishmaniasis with dermal mamfestation 

The fact that naturally infected dogs are so well known to the natives 
indicates that caninfe leishmamasis has probably been endemic in North-West 
China for a considerable penod In Peiping, North China, the condition was 
not so clear-cut Firstly, the general public m Peiping was not well acquainted 
with this canine disease, and secondly, according to Ho, Yuan and Chu, most 
of the naturally infected dogs there were of foreign breed Therefore it is still 
questionable w'hether the disease there is newly introduced from outside or 
whether it has long existed wthout being recognized by the general public as 
well as by medical men 

It IS generally held that kala-azar rarely occurs above an altitude of 4,000 
feet (Ho and his co-work6rs , Strong, 1943) The same is probably true with 
canine leishmamasis In the investigation conducted by the authors, it was, 
however, found that canine visceral leishmamasis, as well as human kala-azar, 
not only does occur but also becomes endemic in an area with an altitude 
ranging from 5,656 to 7,788 feet above the sea level 

That both canine and human visceral leishmamasis are equally prev^alent 
in villages vv est of Lanchovv is an established fact This phenomenon w’as not 
observed in the rural distnct adjacent to Peiping, where, according to Ho, 
Yuan and Chu, continuous examination of doga during a period of 40 months 
revealed only four naturally infected among 1,780 examined from three of 
forty -five kala-azar endemic villages It seems that more investigations should 
be made m other kala-azar endemic foa before a clearer epidemiological picture 
of canine leishmamasis in relation to kala-azar in China as a whole can be 
described 

SUMMARI 

Fortv-four dogs naturally infected with vasceral leishmamasis vvere found 
among 1,430 examined in vallages about 50 km west of Lanchow Epilation 
and seborrhoea vvere present in all but one of the dogs Leishmama were 
ound by skin biopsy m thirtv -eight of the forty-four dogs and by ilium puncture 
in thirtv -nine of forty -one dogs in which this operation was performed The 
a titude of the area under study ranges from 5,656 to 7,788 feet above sea level 
n this high plateau kala-azar, as well as sandflies, was also found to be present 
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r. TV rats of BEIRUT 

a^TOSPlRA ,CTEHOHAEMORnHAGU 

BERNARD H >^"”^' 3 “™.’ 


of Weil’s- 

The present 

di^ca<;c ^^cre discovered m determine the of examination 

The aim of this survey evaluate the sections, specially fo 

,n the vvnld rats of Beinit ’ J ) die hidnev cxamina- 

uRcd for this P'^TOSC . produced by Icptospirac to leptospirae, 

po-^ihle pathological chang P though un 

tions certain observations were maO . 
arc included in this report 

Procedure period from 

«iablcN and streets in diEcrcn follows Both lu ^«s 

hhoraion and incisions m the flanks 

under aseptic precaution^ through 
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Cut in two tnlrcB and fixed m 10 per cent fontollo, one hitf for ailTer In pr cf 
nxUoQ KcoTfSnj to Ktu*! (1BS4) mxfification of the LcT«£ti metlaxl, tnl tbe 
other half for haematoxTliiv-cann Mxm. Hm »eco£id kidney was placed in a 
tterik mortar and emolnfied in about 5 of aterfle aaHne. drop of 
tioa rmoluoci vm rrarmaed tmder dark fidd Qlanunadon iod. If found podthn 
ortuaptootn for leptoaptrae, culturea were made m SchOfoer a bufi’ered tnedhtm 
(Lewu 1042) and 2 cc. were ioocnlited atnpentoDcaHj into young ginneaptfi 
wriglimg 200 to 250 g r amma . TTie cuhtro were eitmmed dally after 72 
borm of iDcubatran at 34 C. The gdoapjga were obaerred foe cadence ol 
ajcknw parucularfy nac of temperature and appearance of jaundice. The 
Infected guineapiga either died 5 to 10 days after loocnlatnao or were HDed 
around the 10th day and autopned (ffiinedlately Hw charactmattc poatmortem 
findinga of haemofThaget in the aubcutaneotia tiaauea, kidneya, lungs, gaatro- 
inteatmal tract and daewhere were laoted kidney and Grrr emulaions tfere 
examined under dirk field fflondnanon and cultured, and poitiooa of the Htct 
and kidneya were fixed m 10 per cent. fonniGn for aUrtr impregnation. 

Erery rat wai not examined by all the methoda dcacHbed. Dark field 
exattunation of the kidney emolnon, and aammafion of at least ooc kidney 
aecdoa Imp r eg na ted with tilrcr and one aectloD atamed with haenutoxyCiH 
eoaa, were earrted oat in aQ ease*. Gtuceapig Inoculation and culturea were 
made only when dxtk field eratmaation oS bdacy emslaion gart a poaitire 
or doubtnil retnlc 


9navn. 

A. urrocratAZ. 

LepCotpirae were found m eight of aerenty rata of all tizet (11*4 per cent.) 
in aeren of twenty rata above 20 cm. (35 per cent) and hi one of fifty rata 
under 20 cm. (2 per cent.). AQ positive nts wm E, aomgina. 

Rarntts end rrBaiibty of thf tm^ndumJ meliodt of txamntMhm. 

Leptoaplrxe were seen in tho ailver impregnated kidney aecdona of each 
of the etgti pontbre rata, Aa there were no ciaea where leptoapirae were 
detected by o^ier methoda but not seen in the kidney acctiona, tbn method of 
examination was considered the moat rehahle one reaJIiing at the tame time 
the poKibOhy that even by thia method other positire caaca might hare been 
mined. 

Examination of the kidney enmlaion under dark field iHinnjnanoQ gsre 
the next higb t at mmibcr of positive rcsulta Six of the eight potitrre caaea 
were detected by tha method (75 per cent refaabfe ta compared snth the former 
method), and m the aeveoth caae (Rat 36) atypical atructure* ro embfin g lepto- 
apirae were aeen. 

By mocolatjon of the kidney emnWoo into young gmneajags, five of the 
aeven poaitire <*■«** examined ct^d be detected (71*4 per cent, poartire). 
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Culture of the kidney emulsion gave the least number of positive results, 
•as only four of the seven posiUve cases exarmned were detected by this method 
i57 1 per cent positive) 

Trypanosoma levnst, the common haemoflagellate of rats, ■was detected in 
the haemorrhagic kidney emulsion examined under dark-field illumination, in 
eight of the seventy rats (114 per cent ) All positive rats were under 20 cm 
in length Therefore, according to this method of exaimnation, the incidence 
■of trypanosomiasis in fifty rats under 20 cm was 16 per cent Seven of the 
positive rats were R norvegtais and one was R alexandnmis 

Examination of the kidney sections impregnated with silver 
The leptospirae were located on the surface of the epithehal cells of the 
•comoluted tubules, often in great numbers, forming masses that filled the 
lumen and made detection easy The number of parasitized tubules varied 
greatly from case to case and in different sections of the same kidney In one 
positive kidney where infection -was heaviest (Rat 69), masses of leptospirae 
were seen m the lumen of some of the collecting tubules forming casts , more- 
•over, one or more leptospirae were also seen occasionally m the connective 
tissue around these tubules In another case (Rat 14), where leptospirae were 
found m the kidney emulsion — by dark-field examination, culture, and guinea- 
pig inoculation — they were not seen in multiple sections made from one-half 
of the second kidney, but found in sections from a portion of the other half 
of the same kidney 

B HISTOLOGICAL EXAMINATION OF KIDNEY SECTIONS STAINED WITH 
HAEMATOXYLIN-EOSIN 

In most sections there was a mild degree of cloudy swelling, with a little 
amount of albuminous fluid in the convoluted tubules and an occasional hyalme 
cast in the collecting tubules In the absence of other pathological changes, 
these findings were not considered sigmficant 

The sigmficant posltl^e findings were — 

1 Nephritis — Histological changes similar to acute or sub-acute glomerulo- 
nephritis of man, were seen in the kidneys of fourteen of seventy rats The 
glomerular changes consisted of occasional polymorphonuclear leucocytes in 
the tuft , hj'alme thickening of the wall of the capillaries with resulting ischaemia , 
albuminous fluid in the capsular space and adhesion of the tuft to the panetal 
lajcr of Bo\% man’s capsule The tubular changes consisted of albuminous 
degeneration of the epithelial cells of the convoluted tubules, wath the formation 
of hj aline drops m several cases, vucuolation of these cells in some, and 
necrosis of tubular epithelium in other cases There were foci of small round 
•cells in the interstitial connective tissue The arterioles showed hyalme 
thickening of their wall wath narrowang of the lumen The parietal layer of 
Bowanan s capsule was little or not affected, and there was no fibrosis of the 
Ividnej parenchyma 
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Neplintt* KU obicrrcd only id the «ld*T riu (tbovc 18 cm. 5o leaglh), 
8ti of the fourteen rxt* with neplmti* w ere poeitiTe »l*o for leptoeplnc. 

2. — ^Ttto ct*ei of pydiiji -were ttea (Rat> 15 tnd 24) with many 

eoei&opbib and polymorphonudear Ic nc ocytea in the pdric conoectore tissue. 
One of tbe»e kjdn^ (Rat 24) harbo u red leptospirae and sbovcd glotnemio' 
nephntia. In both kidneys, the nematode TVreio^Oflra^ crcmrac^ (a^ mfa) 
was found in the pelnt, and waa ap pa rently responsible for the pycbta. 

3 Bnan ftgmaU — ^Varying amoonts of brown pigment were aeen In the 
cpltheitaJ celts of the conrolutcd tuboles m twenty fire kidneyi, but It was 
abmidant only In cJerrcn of them. The plgnscnt appe ar ed u irnaD brown 
granuJea in the cytopUam of the epttbel^ ceSa, brown boioogeneo m 
globulea larger than tbe nudq of tbm ceOs were alto teen In serenl casea. 
According to the hiffochemlGat methods osed (Prtist{an>blqe reaction and 
Sudan in apphed to fnnen aections). Iron and U^ds could not be dcmoo- 
■tratcd In the pigment, which appear^ to be bihraixn. 

Of the twenty fire bdneyt abomng pigment, twtnty^e wm those of 
older rata (above 18 cm.). E*di of the ogbt kidneyv positrre for leptospirse 
thowed piginem, and In aeren of tbcae tbe ptgment was abundant Each cd tbo 
fourteen kidneys with nepbrius contained the pigment, and m nine of these 
the pigment w«i abundant 

4 . Tndnsomaitt er«atr«Kda.-~Thia pematodr, commonly foond m tbe 
orlmry paaagea of rata, and doenbed m decnl by TnouAJ (I924X vs* dia* 
c o rn e d by chance in aeofona la the Udney pelna of three rata. Owmg to this 
unsatlafsctctry method of enmlaatitin ooct^twona could be drawn coocenung 
ita ingdence m the aerenty rata examined. According to the crosa-aections 
atuefied, one was the laml form imbedded In the epitbdmm of the pelm 
(Rat 15) the second waa the tmaH sdolt male, free m the pdria (Rat ]8X and 
tbe third waa the moch l arg er sdult female free in the pelna (Rat 24^ The 
o-emtence of a pycDtu m Rata 15 and 24 bss already bw mentioned. 

S Lrptotpnm — Although indiTidnal leptoaptrtc are not demonstrable 
with haemitoxylm-eoatn ataio. yet where the microKffftnjami were dumped 
together m great numbers fitpng the huaen, this mtsa appeared family bluish, 
not unlic tnucoid, yet quilt distinct &om the pinkisb albuminous preapitalc 
seen m the tubules. No histofoglcsl dWermee could be noted between the 
epitbeittl cdls of the amroluted tubola Infected with kptospirst, and the 
epithehsl cefla of the conroiuied tubules nca haibotmng leplospirae. 

Ducian(7:f 

It has been ibown by ScHCrr'm and Kccfur, and other Dutch workers 
quoted by SchOttoh (1934) and WauM-SoaronaAOHi (1939). that the ioadeocc 
of lepiosplroits a distmctly higher m oWrr rata. 'The inrestlgttiotii of Lrtro 
(1942) and Lawox (1&43X as wcD ta tbe results of the present surrey confirm 
this fodlng 
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In evaluating the reliability of the different methods used to detect lepto- 
spirosis of rats, accurate conclusions cannot be drawn unless all the methods are 
applied to each case and an adequate number of cases are studied However, 
judging from the results of different surveys, it appears that demonstration of 
leptospirae m kidney sections impregnated with silver, and detection of immune 
bodies in the blood serum, are the two most reliable and complementary 
methods Examination of the kidney emulsion by dark-field illumination, 
guineapig inoculation and culture, are comparatively less reliable, yet if con- 
ducted carefully, they will detect a high proportion of the positive cases If an 
infected rat remains a earner of leptospirae for life, then the serological tests 
■will be highly reliable, but if the infected ammal ceases to be a carrier, the 
immune bodies will persist in the blood serum for a time, and the serological 
tests may consequently give results higher than the actual incidence of infection 
However, m all the cases that Larson found to be positive by this method, lepto- 
spirae could be demonstrated by one or more methods 

^ Unlike that of leptospirosis, the incidence of rat trypanosomiasis is dis- 
tinctly higher in young rats, as shown in the present survey and as reported 
previously by Herrick and Cross (1936) and Duca (1939) 

It is probable that the brown pigment encountered in the sections was 
deposited in previously damaged epithelial cells The association of marked 
albuminous degeneration with hea-vy pigment deposition lends support to this 
view Moreover, the ischaemia resulting from the vascular changes seen 
frequently in the old rats with or without nephntis, may have been responsible 
for the tubular degeneration 

Summary 

The kidneys of seventy wild rats caught in Beirut were e'^amined for 
leptospirae and eight were found to be positive The incidence was 2 per cent 
in fifty young rats under 20 cm , and 35 per cent m tiventy rats above 20 cm 
Of the four different methods used, examination of the kidney sections 
impregnated ivith silver gave the highest number of positive results E'^amina- 
"tion of the kidney emulsion under dark-field illumination, inoculation of the 
dney emulsion into young guineapigs, and culture of the kidney emulsion gave 
respectively fewer positive results 

Trypanosoma letmst was found in eight of the seventy rats e'vamined, all 
positive rats being under 20 cm m length 

. nematode, Tnchosomotdes crasstcauda, was found in sections of the 

1 pehis of three rats, t\\o of which showed an acute pyelitis 

istological e'Aammation of the seventy kidneys revealed fourteen cases of 
g omerv o-nephntis Abundant brown pigment ■w’as deposited in the epithelial 
ce sot e convoluted tubules m eleven kidneys, seven of which w'ere positive 
or cp ospirae, nine for glomerulo-nephntis, and five for both 
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THE SURVIVAL OF TRANSFUSED ERYTHROCYTES IN 
SICKI.E-CELL ANAEMIA. 

BY 

A ALTMANN, Major, S A M C • 

From the Centrdl MtlUary Laboratory, SJIM C 


The mechanism of haemolysis m acute and chrome haemolytic anaemias 
IS still obscure It is impossible to explain haemolysis m aU haemolytic anaemias 
on the basis of a single factor , it appears that in some a haemolysin is the cause 
of blood destruction, whilst in others the erythrocytes are ^tive 
Damashek and his co-workers (1938, 1940, 1943) put forward the view t t in 
haemolytic anaemias haemolysis is an active process, a circulating haemo ysin 
damaging the R.B C s , spherocytosis and increased fragihty to saline are 
indicators of damage to normal erythrocytes by such circulating haemo 
These authors include nocturnal paroxysmal haemoglobmuna and farm i 
haemolytic jaundice as “ possibly ” caused by the action of a haemolysm, w st 
physical factors (heat, cold, change of pH), mechanical factors, stasis in t e 
spleen and splenic dysfunction (hypersplemsm) are only of seconds^ import- 
ance They also widen the meamng of haemolysin so as to mean any sub- 
stance causing injury to the red cells ” which then also includes hereditary 
injury ” to the red cells, as in Mediterranean anaemia (Cooley’s) and sickle-cell 
anaemia Ham (1939), on the other hand, considers paroxysmal nocturnal 
haemoglobmuna to be due to an abnormality of the red cells which are lysed 
under conditions of stasis and shift of pH He supports this view by expen- 
ments, m which he showed that in vitro normal serum Ijrsed cells of cases of 

•Mj thanks are due to Col E H Cluver, Director of Pathology, SAM-C., for 
permission to publish this paper 
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paraxyinul ooctumil baemogtoblnun*, wbQtt >crum of toch {ntlenti did oof 
afi'cct ncrmul cdk. A ftHure to demonstrite liteinofyilni m bo w er cf li 
DO proof of their ibrcoce {n erythn>blntoti« foetilu, for mnance. i (oetmljtk 
snannk doe to paurve truifer of iauntme htemotyrlnt from mother to child 
(Wtnon, IftM BoniiW Doco^ MollUOX, IW2) the pceieoc e of a 
Iftm or iggiatialn can rarely be detected In the aerum of the Infant. Uttsg 
the nmral time of tranafuaed R.B.(la u a entenon for preaeswt or abacnct 
a haeianlytia, Didl and Fnmi (1943) ahoved that in paroxyaosal rwetnnsd 
haetoogiobifinrU the patient a ctUa di^pcarcd qnlcUy Trbcn tanafined Inu 
oonoaH, whilst sonnal ccQa trutafmed into pancots sbond a Ttomu] aiorviTsl 
time. From tbeM facta Dacn and Fnmi condnded that Hxu ■ coocepden of 
thu cooditioo n a defect of the red ceOa u correct, and that baemolyiit is rut 
due to circolsting haemoly^ns. Using the same technique, Dacik and 
MoLLiACct (1943), etfabhshed the same fact in acholonc (finuhal) jinndtce. 
Normal cells sunrire nomuUy in such patients whilst the patient s cefb are 
qidddy eUmifttfed from the arculation of nonnsls therefore atithon 
cotKhtded that m acholuric Jaundice a defectm erythrocyte, and not a om>' 
Itting baeoolyrin, u the cause of haemcjyns. In Uidnrater ferer normal 
ctlb «s veli as the patient s od0» are affectid by the lytic proem (For rt tL, 
1941} btrt blackimer ferer ceUs are also dlmioated quickly when txiiBs/itied 
into BOrOBl indrriduals (For ft «4 1945) so it sppean that in bltckmter 
ferer a lysio so damages normal cells that they ire qd^y lysed even in a norasd 
medram. 

In ocUe-ceD anaemia there undoubtedly exists • faeredjctry anomaly of the 
erythnm. It b a haemolytic anaemia with leticulocyttma, raised ictenc index, 
uroUhnoTU, and frequently with acute haemolytic cnsca. Recently a case of 
xctire atchlc-ecO aniCTb in ■ South Afrus bom European was obserred 
(Altiumt 1945), and u rramfunoos were required thcrapeutieslly it seemed 
sronh while to foUow up the Cate of the tranafmed edia. 

Urthod — Omcentnted ILB.Cs (about 750 c.c.) from Group *• O " donoo 
after not more than 24 hours atonge were transfus^ Into the patient (Group 
** A, Rh poaiUee) as anticoagulaiit for tbs first transfusioo 3 8 per cent. 
aodusB atntc was used (10 c-c. per 100 c.c. blood) for the second tmtsfosioa a 
aodiura atrate-dtnc ted-^ucose nuxture (Locttt and Mouasew 1913). The 
inagghmnable coont was detenmned before, immcdisttly iftcr the trtnsfoison 
and at frequent mterrab by the method of difieienuil sgjintinatioc (Molukct 
and \ooHC, 1940 Dacn sod MoujSf» 1913). 

Reraiti. — table and figure show the reaulta of the trsnifustons. After 
both iransfosiiwa the tfisappeatance curve ts a straight bo« the slope of this 
curve u of much greater importaiKe for yuiiging the sumval of transfused red 
celb than the endpoinr (Btoww tt «L, 1944X The hnear course td the «£*■ 
appearance curve reprtsenti the oormal rate of decay wlnljt any other bssmo* 
lytic mechanism will prodoce s corred bne of disappearance. 
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tubdded qiucklf After the fint tnmTiuioii tbe paticDtt blood coirat fell to 
the pre-tmafuticm lerel witMn 20 dap after traufasioQ (4 2 mb and 10 (niniDei 
Hb mzxlimnn after transfouoa, 6 2 mb and 1 1 *6 grammca) 

Hua indicated tbat ac&re bh>od dcatractioa waa tabiog place dimnj tbu 
time and slao later aa tbe >ctenc ladcr remained rzlaed, and urobilin waa preaeot 
in tbe urine. But thii deatroctioo affected only tbe patJent'a own cellt tbe 
traxtafuaed cdh diaappeonng nonnallj at a constant rate of apprtmmxtely^ I per 
cenC daily Similar rexulu were obtained by Duni and FntTB (1943), in 
paroxpmd nocturruU haemogiobfouna and in famlbal acbolime jagncBce. 
proTiDg noTTTul aarTival of tramfuaed R.B Ca In such patienta. Biu and 
Bull (1943) found that in ncUc'cefl anaemia during a s ever e entU, 85 per cent, 
of tnnafuaed cella were destroyed within 3 wecLs following tranafuaion that 
means an increased rate of destruction of transfused celis. Bat their findings 
are open to doubt, because these aotbora used the comber of uruicUed ceOs in 
a wet sealed spedmen as index of the surrinl of tramfuaed cells. SkUng, 
homerer it an erratic pbeaomeaon, not alwap easily repraduable to the same 
percentage and depending on temperature, white blood count, O tcnaloQ and 
bacterial contimmstwa (SHOUtur I&IO). So a count of undcUed celis seean 
to be an imrelUbk method of counting aumving ctUi. In addition tbar 
patient had many trcnifuaiaru and an increased ebminaijon rate of the tntos 
fused blood due to anti Rh immamnaon w*s not excluded. 


Scantar 

Konnal cells transfused into a patient with actirt aicUe-ceO aaaentU showed 
normal aumril with a linear disappearance curve. Tbe haemolytk process b 
ncUe-cell anaemii only affects the patient a own red cells which are abnormal 
due to a bereditaTy factor whilst normal red ccDs remain unaffected. 
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A STUDY OF THE POSTMORTEM BONE MARROW FROM 

CHOLERA CASES 

BY 

’ H N CHATTERJEE, 

Department of Pathology, Carmichael Medical College, Calcutta 


The present study is a continuation of previous observations by the wnter 
(Chatterjee, 1939) It has been possible to secure the specimens of marrow 
from femur, humerus and tibia from a further fifteen cases, in addition to the 
twenty-five cases already studied Both the transverse and longitudinal sections 
were studied from the different speamens 

Naked Eye Appearance. 

The bone marrow may present a red appearance m cases in which the 
reactive hyperplasia is marked In others pink areas interspaced with white 
or fatty marrow present the usual picture The general consistency is more 
solid than that of inactive fatty marrow and the specimens are sectioned more 
easily 


Microscopical Examination 

The microscopical picture is characteristic The most important feature 
of this IS the great dilatation of the capillaries (Figs 1 and 2) In fact,* this 
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doeiAe proem* i uaque opportuiutf o( ttodjing the mcolir bed of booe 
marrow particularlj- tbe cdUped capSUno ol Dour (1922 a and b) a* wefl 
ta tbe linuaoida (NExnuKN 1869} of tbe marrow 

THx CAriiuAm or wxut 

Tboe are (Tcatlj opened op and dlatcaded with red blood corpuadea and 
one can tee contmuoua tracks of eryt lir ocytea in tbe section* 'Hie dmensioa 
of tbe capiUanea la seen, not onlj lo booe marrow biit also in manj- other different 
mcmil organa, tpicen, brer heart mnade, etc. (CHAmijBt, 1939) But 
tbe bnmt of tbe cbangea seems to faO greatly on the collapsed capillaries of the 
bone narrow and in no other organ u thn dincnslon to acute or to remarkable. 
In fact the diameter of tbete capQIanca ta teen to be (dated fifteen or twenty 
times, or eren more. In tbe femur tbe tlbu and tbe humerus the changes are 
caaentiaDy tbe tame. Conaet^uently It la worth whOe to erahiatc the part which 
tbe cxtcnaiTc captTlary diUution of tbe mar row playt In tbe produetton of tbe 
extreme coUapae and shock found in this diacaac after the passage of one or a 
few stools cmly The total volunie of bone marrow baa been caaouted by 
Lermo (1920) to be nearly 3 000 c.t and 4 192 cc, m a 20-yeai^d and a S5» 
year-old man respectlrely Ootttetpiently thr* estenaire marrow capillary 
dilation m cholera naturally trrexta our atiesjtion. On triong these capULane* 
one an often set them open into tbe aimucad* which are also greatly 
TbeK sinusoids therefo r e recore blood from the collapsed captUane* as-wefl 
as from the regularly well formed ctplUanea, tbe cpeninf* of both vineces 
of esplllartes being ofhm deownstraUe lO tbe tame Identicai si&asoid. 

THE temom. 

It TS a co mm on tight to tee widely dilated tinuacnda m the tectiooi 

They are compartOrdy ouch wider channels Lned by a tingle layer of 
endothehaj cefla — tbe latter betng placed widely apart and connected to adjacent 
ceila by niter staming reticular tiasoc. As ha* been already mentioned, t ta 
pcwble to see tbe widdy dilated collapsed capiJIanes ta wcU at the weU-formed 
capillanca both opemng into the Tencni* sirruaoida. 

OTHD cuAiroa. 

Another freq u ently obsenTd change the leucoblastic retcacm which u 
fairiy constant but is raiiiblc in de g ree TTu* la usually rf a moderate degree 
the fat being nerer completely absorbed as a the case tn acute septic mfectiaos 
auch 1 * meemgius consequently a pccultar appearance t seen ra the greater 
number of cholera cases Cohuona of red ceQs o cc u py the centre on dtber 
Side of the red ceDi he the leucoblastic cdl* one or more layers deep— aH the 
structure* he withm the thin-wafled blood reasds— the coDapted capillanes 
a* wen as the sicntaoids. It appears that the massei of red bare come 







Fic 1 — Bone marrow from the middle of the shaft of the 
femur from a case of cholera, showing great dilatation 
of the normally collapsed capillaries and marked conges 
tion (a) There is also leucoblastic reaction in places (b) 
X 215 approx 


Fic 2 — Bone marrow from the middle of the shaft of the 
femur from a case of cholera showing great dilatation 
of the normally collapsed capillaries and marked conges 
tion {a) There is also leucoblastic reaction (b) in many 
places as can be noted by the dark nucleii x 150 approx 
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"" Showing large 

number of eosinophil cells x 700 approx ^ ^ 


a b 

Fic 4 — Section showmg a lymphatic nodule In the bone 
marrow of a case of cholera (a) the usual hone marrow 
structure (b) x 75 approx 
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m great numbers and by their influx they have simply pushed away the walls 
of the capillanes as well as the leucoblastic cells that may be found within them 
We have found that the leucoblastic reaction of the marrow is not very pro- 
nounced m uraermc cases In one case of uraemia there was a complete absence 
of any such reaction although the marrow exhibited an acute red cell engorge- 
ment and dilatation of the collapsed capillanes 

As has already been descnbed by the wnter (Chatterjee, 1939), there is 
a marked increase of eosinophils in the marrow The average count of the 
eosinophils m our non-cholera cases ^was 3 to 6 per cent whereas the average 
count in our cholera bone marrows was 15 to 20 per cent In fact, it is a 
common sight to see the clumps of eosmophil cells amongst the leucoblastic 
cells of the marrow (Fig 3) 

The wnter has also previously reported the presence of lymphatic nodules 
in the bone narrow rn three cases (Chatterjee, 1939) The finding of these 
nodules was acadental and systematic search for such nodules had not been 
made throughout the length of the bone marrow It may be mentioned that 
lymphatic hyperplasia of the intestines, particularly that of the solitary follicles, 
as well as enlargement of thymus, are common postmortem findings m cholera 

In another tropical disease, epidemic dropsy, we find dilatation of the capil- 
lanes But in this condition the changes seem to affect the more well-formed 
sinusoids which in transverse section of the marrow appear as quadnlateral 
spaces at the angles of the fat cells It is proposed to descnbe the latter in a 
separate paper 

Consequently, the follomng differences may be observed between the bone 
marrow changes of the two diseases — 


Bone morrow m cholera 

Bone marrow in epidemic dropst 

1 No oedema 

2 Capdlarj dilatation affects the collapsed capillary 

system of Doan as teell as the sinusoids 

3 Marked cosmophiha 

_ 

General structure oedematous 
Capillary ddatation affects more 
the sinusoids 

No eosinophilia 


Summary 

1 There is an -acute dilatation and engorgement of the normally collapsed 
system of capillaries of the bone marrow' in cholera 

2 These capillary changes are more marked than in any other organ in 
c olcra and might at least in some w'ay partialh explain the condition of great 
shock in this disease 

3 Owang to the widening of the abo\e capillanes it is possible to stud\ 
t cir openings into the \enous sinusoids of the marrow 

*1 The smusoids arc also distended 






POS wn MAB30W at 


5. ITtere i$ to loo'etM h> the Dumber of eonaophjU, and a vanibte 
amooDt of IcDcobbat^c rcactiOD of the marrow 

6 Small IjmpfaftK Dodulea have been obaerml m •otoe ca*ea. 
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CORRESPONDENCE. 


YAWS AND SYPHILIS 

To the Editor, Transactions of the Royal Soaety of Tropical Medicine and 

Hygiene 

Sir, 

With reference to the discussion on Yaws and Syphihs in the Transactions 
(1946) 40, 206, the following extract from Haggard’s Demh, Drugs and 
Doctors* may be of interest — 

“ One of the earliest records of tropical mediane was made by Gonsala Fernandez 
de Onedo He was raised among the pages m the palace of King Ferdinand and Queen 
Isabella [of Spam], and was at Barcelona m 1493 when Columbus returned from the island 
of Haiti He was mtimately acquamted with most of the men who had made the voyage 
and many of them he knew were ill of a disease which they had contracted m America 
Twenty years after Columbus’s voyage, Ferdinand sent Oviedo to Amenca as super- 
mtendent over the gold and silver mmes After a residence of twelve years, Oviedo wrote 
a natural history of the Spanish possessions and dedicated it to Emperor Charles V He 
describes a disease known as bubas, or yaws, which he says is a very ancient disease m 
those locahties Oviedo identifies bubas with syphihs, for, he says, bubas is ‘ no other 
than the pocks (syphihs) which rageth and hath power over all Europe, especially among 
the Frenchmen I can assure your Impenal Majesty that this disease which is new 
m Europe, is well known m the AntiUe islands lately discovered, and so very common 
there that almost everyone of the Spaniards who lay with the Indian women contracted 
it from them ’ Thus it was imported from thence into Spam by those who returned with 
Columbus after his first or second voyage ” 

I am, etc , 

J Walker Tomb 

Sydney, 

New South Wales 

• Haggard, H W (1929) Devtls, Drugs and Doctors New York Harper 

pp ’m,‘23n ’ 


THE AETIOLOGY OF DESERT SORE 

Sir, 

As a fellow amateur with only a very limited acquaintance with statistical 
methods, one felt some hesitation in criticizing Lieut -Col S T Anning’s 
recent paper m your journal {Trans R Soc trap Med Hyg , 40, 313) How- 
ever, in the absence of more expert intervention, it is felt that the statistical 
treatment of his material cannot be allowed to pass without comment 

In the first place, his introduction of the idea of proportions is hardly 
appropriate to the particular type of experiment It must in any case be pointed 



out thtt, wbereo CcJ Atofuto njhdy tutei oo p 325 llatp ind f in hi* focmtik 
repracnt propocticim in hw oJctiuioQ he incorrectly *ab«otatei tbeohitc 
nnmben of csm* In thu ptrtlculu’ butuxx the result e rtu e d it u the «any 
but It would be tmfort unite if othcn copied htt tcmptlfifly nmplc intlunetie, 
which might not ilviyi lead to a reiuh so doM to the correct initrer How^ 
eter tbe question it inue being urbcthcr or not casa recdring ritinun rupple- 
menti heal on an avenge more raptdly than those rritbcmt, tbe ngiuficina of 
the obserred difference ibould aurely have been tested by the fornrali — 

Standard error of difference rf hfeana 

Von, 

where « ta the trandafd denatioo of aQ obsemtjoDa in the two aamples 
combtned, and o and it, are the reapeedre nomben in the two sanies 
(BaAzroxD Hill a \TtJ5e*l Statutta p. 75). 

'Hk pubCihed data do not, tmfortitnatcly permit the apphcatioQ of thia 
test, since Oolone] Axxmo haa not thought it neccaaary to mdode a table of 
individual data, aa recommended by BaaDFCWD HOL {IhJ p 21) and the 
standard denaoon cantwc therefore be caicnktcd. 

A further point that calls for enttaam ia tbe inclusoct, m em group of caao 
treated by •crertl dtffemit therapeutic measures (ns C akne A alone, and 
A tod C combined). 

Finally one a expenence of ulcm to general would lead one to expect the 
tune required to produce co mp lete heafang. in a group of esherwtse betltliy 
yoozq' adolta, to depend on a ncunber of factora, mdudlog at Icsat 

(i) The nruleoc^ of any orgarusmt present and tbeiraenarthnty to TanatMo 
Q biological ccaiditions mduding contact with ihcrapeuttc aubatancea. 

(ii) The doraticm of the ulcer before co n u nen ctm e n t of the teat, n affect 
mg ita depth and tbe degree of ccOular rcacboo prodoced. 

(ui) The area of the ulcer at tbe com m epc c moit of the test, this befng not 
entirely accounted for by (ii)- 

(it) The nature of tbe treatment employed 

Only after axtiafying oneself that factora (i) to (in') are equally re pr esented 
m all g ro up s can one reasonably proce ed to test TiatutmUy the cffecti of (Ir). 
Tbe present paper presents no mdcnc® that teps were tahen to pironde for 
such equal dt^butnm and m new of the amaO aampleaemployed it n highly 
unblMly that thia would bare catabhahed tseif by chance. One la tccordiagly 
forced to tbe condosion that the material tn question, though iDtcn^ting and 
augg es ti ie, U quite unsratahlc for applying itatmicil testa to the iothor*a 
hypothesia. 

I am, etc., 

J L Lejm. 

Afeduraf OjJiccr 

Cotomul MtduM] 5mier A’/erta. 
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THE DIFFERENTIATION OF CERCARIAE AND OF THE 
MOLLUSCS WHICH HARBOUR THEM 

Sir, 

Although ^a^ous experts have described in detail the characteristic 
features of the larv’ae of trematodes and claim to be able to diagnose the 
vanous species by differential staining, leading authonties in v'anous countnes 
still hold that it is not possible for them to give more than a tentative diagnosis 
until the adult worms have been reared and, even then, much uncertainty 
remains unless the ty'pical eggs have been obtained from the females 

The matter is important m vnew of attempts to produce an antigen for 
determining the .presence of adult worms in the human subject and even for 
advising vv hen efforts to destroy them can safely be discontinued It is important 
because molluscan hosts of vanous trematode worms not uncommonly harbour 
one or more distinct larvae in the same individual mollusc, and it is often 
difficult to distinguish other forked-tailed larvae from those of Schistosotna 

Among vanous species of Lymnaeidac which serv'e as earners of schistosomes 
in South Africa, none can be regarded as more than occasional hosts except 
Physopsts afneana Krauss, but further investigations are needed in regard to 
Btihmis foTskahi Ehrenberg in view of its ready susceptibility' to infestation with 
Schistosoma haematobium Bilharz in Mauntius, whilst Btomphalana is known 
to convey Schistosoma mansoni Sambon in the sub-tropics 

Among ov'cr a hundred forkcd-tailcd larvae which have been desenbed m 
South African molluscs arc those of avnan parasites and others whose life history 
has not so far been determined but are suspected of representing trematode 
parasites of fish, amphibians, small mammals and stock Some of these arc 
readily distinguished from Schistosoma by their eye spots but special care is 
needed to observe an absence of pharyaix or acetabulum or varied length of 
the tail 

Numerous bifid-tailcd ccrcanac which I observed escaping from Physopsts 
afneana Krauss at Inchanga, Natal, in 1946, seemed at first sight to be those of 
Schistosoma, but the length of the prongs of the tail prompted me to send some 
to the University of Strasburg and to Dr Annie Porter for their identification 
I was interested in a report from the former source that it would not be possible 
confidcntlv to diagnose preserved cercanac 

It IS stated that there is no one in the world at present engaged in the 
studv of the differentiation of the larval parasites of trematode worms though 
VC arc now in possession of valuable monographs describing those which have 
been studied in India, South Afnca, the United States and elsewhere From 
a practical point of vaew, more importance is ncce'ssanlv attached to the worl ing 
out of the respective life cvclea, 

^luch depends on a careful identification of the vanous molluscan hosts 
and, for this purpose the expen examination of the soft parts is sometimes of 
, as great impon mcc as that of the shell It is not ca.sv to believe that smistral 
shells can be mistaken for dcxlril shells but there is good reason to fear that 
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coma WOT Ota 


thu doa occur and accouatt for unnccenarx additKms to the Eat o( moQtacaa 
boats of aotoe of cur utmslode wonia. 

I hare obaerr e d a tlrdatral aheO amoQg many dcxtral ooo in a bezuufiil 
collectioD of terrcitm] and &«ab*wBta enaib B*km fonJcMln Ehrenbcrf 
bcuig apparently confuaed mth HiUmUts tvirrewUtM MllQcr and, when I 
requested aome more a p e cu ne oa of tbe former awQoac from a locaEtj In 
Soirtbem Rhodesia from which I had obtained them previoraly could find 
abells only of tbe latter moUuac anuog thoac t teedred. 

Sckxsiasoma m South Aihca b confined to Don^perculited moEoact, tod 
pnnapally to Pkywpns whose atootcr abell cnablca it to withstand anfaroar 
able ennromaent b^cr than many of ita alEcs. Opemdated apeaea are more 
cormnoo where they an cotmantly expoaed to g re a t heat and penodi of dene 
catiOQ which sometimes result tn the dmppcamicc of many o( tbe coimnaoet 
intermedrate hosts 

CDHCUKOCC 

Confution m the identity of ccrcariae is mentable onlesa tbe adult worms 
are reared and tbe eegt obtihied. 

Numerous btfid^ed cercariae besides those of Sdoftotam infest mofiosa 
and more than one ipedea tcuy occur In tbe tame amiL Difiereatial staloiag 
by experts may prore an identity but autbodtjes are atill cautious about identify 
Ing pf eser re d raateml. Gmter caution n required in ideniifyuig mdiriditil 
moDotca bubouriog c e rcam e aM erea In rttognlxioi tbe slnif^ and dextral 
sheSa. 

Without tbe care neceaaary to arrotd cercanae other than those of 5dbr 
ft if oasa. ErU« ralue can be placed on daima made for tn antigen used for medical 
purposet. 

Youra, etc, 

Dgrfaatt, NiUL F Q Cawnrot 


A jrODinCATIOh OF LEI8HMAN STAIN 

Sui, 

Alter trying vxnous staioa for tbkk and thin blood films, I bare found 
the foDowlng modificatroa of Lcuhmana stain both tnsple and efiecQrc in tbe 
hands of natire aatmants 

The dried film Is atatoed I minute with folbstrrojth rain (one to four 
drop*). An equal ammmt of dtsttOed water is added and tbe aolctim left oo 
for 5 toiaotea. The stained film is ibcn washed in tip water for 10 to 20 aecooda 
until the Winsh colour changes to a reddish jairple. Tbe film it then counter 
•tamed with ordmirj Loeffler’s methylene Hue for I second, washed in tap 
water dried and extmioed under oi) mmemon. 

The of tins method bes in the enunterstsimng with methykne Woe 

after pamally dccolouriiing In tip water 

Youra, etc. 


Gcnta Mlsnon, 


G W HutLfT 
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RESIGNATION OF MISS MILDRED ^VENYON 


It was with profound regret that the President and Council of the Societj, 
at their meeting of 20th March, heard of the resignation of Miss Mildred G 
Wfnion from the Secretaryship of the Society which she had held since 1921 
— nearly 26 years Dunng this penod the Society had grown considerabh, 
having increased its fellowship from 700 to over 1,600 and its income from a 
little over ;C600 to well over ^5,000 per annum The Transactions had 
more than doubled in size 

In 1929 the Council embarked upon wbat was perhaps the most important 
enterprise of the Society’s career, namely, that of procuring a home of its own 
in Manson House Fellows and friends of the Society subsenbed some ;£30,000 
towards this endeavour which w'as brought to a successful issue in May, 1945, 
by the clearing of all debt incurred These important developments and the 
success of the hlanson House scheme were very largely due to Miss Wenyon’s 
enthusiasm and ability without which the Society would be in a very' different 
position from that in which it finds itself today 

Many members of the Council spoke in glowing terms of the work Miss 
Wenvon had done for the Society dunng her 26 years of office 

The Honorary Secretary, Prof N Hamilton Fairley, said that both 
he ind the Joint Honorary Secretary, Bngadier J S K Bo\d, had heard of 
AIiss Wenion’s decision to retire from the post of Secretary with the greatest 
regret Her decision had been forced on the Council, who had no altcmitnc 
but to accept it 

As regards the future, it was too much to c\pcct any one person to continue 
editing the Transactions and at the same time to be responsible for the general 
secrctanal work of the Society The time had come when two distinct appoint- 
ments had to be made Fortunately, Miss Wenton had agreed to continue 
work with the Society in a part-time capacity as Assistant Editor 

Miss Wenwon’s sound judgment, outstanding capabilities and dnve had 
in the past been a dominant factor in the growth and success of the Soacty 
She had devoted many years of her life to this objective The present financial 
stability of the Society was m no small degree due to her foresight and ceaselos 
cfTorts The fact that she remained with us as kssistant Editor of the 
PR^^sycTlo^s lessened to some extent the inevitable loss this Soaetv must 
'^usiun by her retirement from the Secretaryship 

I he Honorary Preisurcr Dr O Mvrriott said that he wished to pay 
tnhiitc to the very ere it service Mi-s Wfnvos had alvvnvs civen in conducting 
the financial iffairs of the Society 

I here was no doubt that Miss Wf^nvon dunng her term of ‘^ccrc^ry-sbip. 
had saved the Sociclv a very considerable sum of moiev, boJi dirccdv ard 
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indirectly He wa« tmc tint former TrottUfcn would cot iotw r at e tho optfaco. 
In tfrt ciriym g out of oy poDcy Mai WtiTorf could ilwryi be rcEcd on to 
^ thinp drae mth aQ raptdi^ and eSacocy 

MIm \\eicto:<*i r e ti rement^ though well earned, would be a great loai to 
the Sodety 

Dr OiMfCHAEL Low former Honorary Secretary and Treaturec, and 
President from 1929 to 1933 duruig the early yeara the Maiwm How 
acbeme, tajd be would bke to bo aaaoclned with the remarha which Dr 
Majouott had joct made, \o one waa better able than hlmaelf to apeak about 
the work Mi« WBTTcrt had done for ibe Society ahe had derot^ her Ufe 
to It and It was no exaggeration to aay that witberat her aid the Soaety ngrer 
would hare reached the Ugh state it baa now attained. Sbe waa most belpfol 
m all the n^ottftlooa we had to arry through in getting Minaon House, and 
then afterwa^ in mnnmg it, arran^ng with tenants letting the HaQ and many 
other duties. Miti Worren bad a very fine financial brtlei, and aD the 
Treasurers, including hlmaelf, had reason to be tbankfnl abe was there to guide 
and aid nt 10 our duties. It was a great day and that Lo great part again doe 
to her when the debt on the Hooae was ^d off ginog the Sooety a rery 
raloable p r o p e r ty with no encmubrancea. 

He waa happy to say that we were iMt foang to lose him WotrON atlrely 
as she would cootinue in the aemce of the Sooety as AsMtant Editor of 
the TkANiAcncEO, work sbe bad ao adfflJtably done in the past. Sbe wmld also 
he had no dmbt, hdp with her adftce m other wayx 
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